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ABSTRACT
Acoustical Characteristics of Fiberglass Lined Circular Ducts
by
Luis A. Villegas
Dr. Douglas Reynolds, Examination Committee Chair 
Professor of Mechanical Engineering 
University o f Nevada, Las Vegas
Fiberglass lined circular ducts are circular ducts with an outer spiral metal shell. 
They are either dual-wall or single-wall. They have been acoustically treated and are 
intended to be used in heating, ventilation and air conditioning (HVAC) duct systems to 
reduce the amount of sound that is generated by the operation of the components of the 
system.
To quantify the amount of the sound energy that can be attenuated by a given 
fiberglass lined circular duct, its acoustical performance has to be determined. Acoustical 
performance of lined ducts can be experimentally determined in an acoustical laboratory 
under controlled conditions. These results tend to be more accurate and reliable than 
those obtained by theoretical equations. HVAC designers need this performance data 
based on actual test results in order to select the ^propriate lined duct fer solving noise 
problems in ah handling tystems.
The objective of the thesis is to provide the techniques and procedures for measuring 
the insertion loss (with and without ahflow) o f  fiberglass Imed chcular ducts. Regression 
analyses were conducted on the measured msertion loss data in order to provide
iii
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regression equations that predict the performance o f fiberglass lined circular ducts. 
Insertion loss tables were generated using these regression equations.
Fiberglass lined circular ducts in various diameters and thickness were tested and the 
effects o f the duct diameter, thickness and airflow velocity on their acoustical 
performance were studied. The length of the lined section of the fiberglass circular ducts 
that were tested was 10 feet. Insertion loss data obtained by experimental procedures 
were normalized with respect to this length. Multi-variable regression analyses were 
conducted on the measured insertion loss data to determine the relationship between 
insertion loss and the internal duct diameter and lining thickness o f the fiberglass lined 
circular ducts. Dynamic insertion loss data obtained with airflow were used to calculate 
the difference in the insertion loss (AIL) between airflow and no flow conditions. Multi- 
variable regression analyses were conducted on the AIL to determine the relationship 
between AIL and the internal duct diameter, lining thickness and airflow velocity.
IV
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CHAPTER 1 
INTRODUCTION
Components o f heating, ventilation and air conditioning systems are sources of 
unwanted sound. The sound is transmitted through a system of ducts to the rooms or 
spaces being served. When the sound levels exceed the permissible levels, the unwanted 
sound must be reduced.
Fiberglass-lined rectangular and circular ducts are often used to reduce HVAC system 
noise. Thus, the acoustical and aerodynamic performances of lined ducts are o f great 
interest to the HVAC designer. Few data regarding the insertion loss o f fiberglass lined 
circular ducts are available in the open literature. Manufacturers on standard sizes usually 
provide the data. Reynolds and Bledsoe [1] reported an equation for the prediction of the 
insertion loss o f spiral dual-wall circular lined ducts. However no equations have been 
reported for the prediction of the insertion loss in the presence o f airflow. Insertion loss is 
an acoustical performance parameter that quantifies the sound attenuation o f lined ducts. 
The equation and insertion loss tables reported by Reynolds and Bledsoe are provided by 
the American Society o f Heating, Refiigerating, and Air Conditioning Engineers 
(ASHRAE) [2J.
Lined ducts for HVAC systems are in general rectangular or circular intemally lined 
metal ducts. Lined circular ducts are either dual or smgle-wall. The duct Ifntng has a 
treated surfoce or a protective perforated metal wall to minimize erosion due to the
I
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airflow. These lined ducts generally use conventional sound absorbing material of the 
porous absorber type such as fiberglass or mineral wool for their internal lining. 
Recommended duct lining thickness is 1-2 inches for ducting and 2-4 inches for plenums 
[3].
Fiberglass lined circular ducts offer very little airflow resistance. The static pressure 
drop of fiberglass lined circular ducts is minimal and is only due to the airflow resistance 
of the duct facing. Consequently pressure drop is usually not an issue in the aerodynamic 
performance testing of fiberglass lined circular ducts. This was not part of this thesis. 
Charts to determine firictional losses in various duct sizes and using various flow rates for 
fiberglass lined ducts have been created by Jackovich as part of his master’s thesis in 
1996 [4].
Six different companies provided spiral dual and single-wall circular lined ducts, 
which are the scope o f the thesis. They were 10-foot long spiral circular lined ducts with 
a 6-in. of unlined duct extension at each end. The extensions were flange ended to allow 
them to be fitted into the test section by duct connectors. Inside diameters were 12, 20, 
28,36,42 and 48 in. for the 1 and 2 in. liner thickness, and inside diameters of 13,21,29, 
37,43, and 49 in. for the 1.5- in. liner thickness.
The spiral dual-wall were constructed with an outer shell of spiral lock-seam 
galvanized steel and with fiberglass as a liner. Most o f the ducts had a perforated spiral 
lock-seam galvanized steel inner liner. Those that didn’t  have a steel irmer liner had 
fiberglass inner finer with a protective coat (spiral single-wall cnrcular fined ducts). 
Figure 1.1 shows a  typical configuration o f a spiral dual-wall circular fined duct
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Insertion loss measurements with, and without airflow were performed on the supplied 
fiberglass lined circular ducts and regression analyses were conducted on the measured 
data. The equations obtained by regression analysis were used to generate predicted 
insertion loss tables for inside duct diameters firom 12 to 72 in. because they are the most 
commonly duct sizes used in the HVAC industry.
1. 00 ' i.OO"
•132.00'
•OUTER WALI
• LINER ----
- INNER WALL
SECTION A-A
•132.0a
Figure 1.1 Spiral dual-wall circular lined duct
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Objective and Scope o f the Thesis 
The objective o f the thesis were:
1. To measure the insertion loss with and without airflow o f spiral dual-wall 
circular fiberglass lined ducts with internal duct diameters of 12, 20, 28, 36, 
42, and 48 inch for the I in. and 2 in. liner thickness.
2. To measure the insertion loss with and without airflow of spiral single-wall 
circular fiberglass lined ducts with internal duct diameters of 12, 20, 28, 36, 
42, and 48 inch for the 1 in. liner thickness and 13, 21,29, 37,43, and 49 in. 
for the 1.5-in. liner thickness.
3. To develop regression equations based on the measured data to predict the 
insertion loss with and without airflow of the fiberglass lined circular ducts.
Structure of the Thesis 
The thesis is arranged in five chapters: Introduction, Theory, Experiment, Discussion 
of the results, and Conclusions. The analytical theory that is related to the insertion loss, 
as well as the techniques and procedures for its measurement are given in Chapter 2. 
Facili^, instrumentation and test setups used in the experiment are described in Chapter
3. The discussion of the results is given in Chapter 4. Chapter 4 also includes the 
regression equations for the msertion loss with and without airflow for each of the octave 
fi^quency hands firom 63 Hz to 8000 Hz. The conclusions drawn fiom the experhnent 
aflar interpreting the results are given in Chapter 5.
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CHAPTER 2 
THEORY
The acoustical performance o f a lined duct is quantified by using one o f the acoustical 
performance parameter criterions while the aerodynamic performance is given by two 
parameters: pressure drop and self-generated noise. Understanding them support their 
need for experimental procedures as an alternative for getting fast reliable measurements 
since their analytical procedures becomes sometimes complex. Results obtained by 
analytical procedures are validated by comparison against those obtained by means of 
experimental procedures.
The American Society for Testing and Materials has established ASTM E477-96 as 
the standard test method for measuring acoustical and airflow performance o f duct liner 
materials and prefabricated silencers. Testing of the fiberglass lined circular ducts for the 
thesis has been performed according to this standard.
Acoustical Performance Parameters
A basic understanding of the acoustical and dynamic performance parameters is 
usefiil m order to select a  Uned duct that will provide adequate noise attenuation. 
Therefore, it is important to discuss and describe the parameters used to quantify the 
acoustical perfonnance of lined ducts. The literature that describes these terms is
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abundant Reforences given by the Bell Brothers [5] and L. Beranek [6] have been taken
as a reference. These parameters are:
• Insertion Loss (XL). Numerical difference in dB, between two sound pressure levels 
measured at the same point in space before and after the insertion of a lined duct. 
Insertion loss values of a lined duct change fiom static condition (no flow) to a 
dynamic condition (with flow). Velocity, temperature and direction of flow with 
respect to the sound source aflect the lined duct performance. Insertion loss can be 
expressed mathematically as:
IL = Lpi —Lp2 2.1
where Lpi is the sound pressure level (dB) measured at some point in space with no 
lined duct and Lpz is the sound pressure level at the same point in space with the lined 
duct inserted.
• Transmission Loss (TL). The ratio in dB, between the sound power incident on the 
lined duct to the sound power transmitted by the lined duct. Mathematically, 
transmission loss is expressed as:
TL=l01og(W i/W t) 2.2
where W, and Wt are the incident and transmitted sound power in Watts. The sound 
power is given as:
W =IS  23
where I is the sound intensif (the acoustical power o f the source passing through a 
unit area) in Watts /m^, and S is the surface area in m^. If  the propagating sound wave 
is a one-dimensional, plane, fiee progressive wave then the sound intensity is 
expressed as:
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where Pn® is the root-mean-square sound pressure, po the density of the medium, and 
Co the speed o f sound in the medium. The product poCb is known as the specific 
characteristic impedance of the medium. If the surface area and the specific 
characteristic impedance are constant, it can be shown that the transmission loss is 
approximately equal to:
TL=IOIog(Pi/Pt)^ 2.5
where P, and Pt are the incident and transmitted root-mean-square sound pressures.
• Noise Reduction (NR). Noise reduction is the difference in dB, between the sound 
pressure level as measured at the source side o f a lined duct and the sound pressure 
level measured at the receiving side. Noise reduction can be expressed as
NR = Lpi—Lp2 2.6
where Lpt and Lp% are the sound pressure levels at the source side of the lined duct and 
at the receiving side respectively.
Of the three, insertion loss is the easiest to measure, and it is used most often by duct and 
silencer manufactures. Therefore, insertion loss was the chosen acoustical performance 
parameter in this thesis for determinmg the performance of the fiberglass lined circular 
ducts.
It is important to note that insertion loss, transmission loss, and noise reduction are 
not uniquely related to the physical properties o f a lined duct [5]. Each depends on the
source or termination impedance, or both, which creates losses or reflection of enersr.
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known as end effects. Thus, each is a different measure o f the interaction between the 
lined duct and its acoustical environment.
Insertion Loss and Dynamic Insertion Loss 
The calculation o f the insertion loss and dynamic insertion loss by laboratory testing 
was done by four separate tests;
1. Measurement o f sound pressure levels in the reverberation room with the empty test 
section and sound source off (with and without airflow).
2. Measurement o f sound pressure levels in the reverberation room with the empty test 
section and sound source on (with and without airflow).
3. Measurement o f sound pressure levels in the reverberation room with the lined duct 
installed and sound source off^  (with and without airflow).
4. Measurement o f sound pressure levels in the reverberation room with the lined duct 
installed and sound source on (with and without airflow).
These measurement procedures assure the elimination o f the background noise from 
the insertion loss, as well as the elimination of the flow-generated noise from the 
dynamic insertion loss. Dynamic insertion loss differs from the insertion loss in the sense 
that it is used to denote the actual insertion loss in the presence o f anflow.
Anflow has influence on the acoustic dynamic insertion loss o f lined ducts. It has 
been observed that afrflow afreets sound transmission m three major ways [7], which are 
convection, refraction, and flow modification o f the acoustic impedance o f the duct walls. 
The last effect is rather insignificant for ducts with absorptive materials; thus only the 
first two effects will be discussed. Convection expresses the feet that the sound speed in
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the forward direction is higher than in the reverse direction. As a result, the sound waves 
for reverse airflow spend a longer time in contact with the absorptive boundary in the 
lined duct than forward airflow. This results in a slightly higher attenuation of sound in 
the presence of reverse airflow.
At higher frequencies the refraction begins to be significant Reflection works in 
opposition to the effect o f convection. As a sound wave travels in the forward direction 
there is a tendency for it to be refracted towards the boundary, because the flow speed in 
the center o f the duct is greater than at the walls. Similarly, a sound wave traveling in the 
reverse direction has a tendency to be reflected towards the center o f the duct, away from 
the boundary, which lead to lower attenuation in the reverse direction.
To calculate the insertion loss (with and without airflow) o f the fiberglass lined 
circular ducts the sound pressure levels o f the source Lp(S) have to be corrected. It is due 
to the airflow-generated noise, which is high enough to interfere with the sound pressure 
levels o f the source. The corrected sound pressure levels of the source with the empty test 
section Lp(M) use the following equation [8]:
Lp(M) = 101og(I0'-''‘^ “°’' ‘“ when l<Lp(S+BG )-Lp(BG )<10 dB 2.7
Lp(M) = Lp(S+ BG) -  9 dB when Lp(S+ BG) -  Lp(BG) <1 dB 2.8
Lp(M) = Lp(S+ BG) when Lp(S+ BG) -  Lp(BG) > 10 dB 2.9
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where Lp(M) is the corrected sound presstne level o f the sound source with the empty 
test section; Lp(BG) is the background sound pressure level with the empty test section, 
and Lp(S + BG) is the sound pressure level o f the sound source and background with the 
empty test section.
The corrected sound pressure level o f the sound source with the lined duct installed 
Lp(L) is achieved by subtracting logarithmically the measured sound pressure level of the 
airflow, Lp(BG), from the measured sound pressure level of the sound source and 
airflow Lp(S + BG), thus
Lp(L) = I01og(10‘'’‘**®°^ '‘® 2.10
The insertion loss with and without airflow is then calculated by subtracting the 
corrected sound pressure level o f the sound source with the lined duct installed from the 
corrected sound pressure level o f the sound source with the empty test section, then
lL = Lp(M)-Lp(L) 2.11
A computer program, which uses the equations given above, was written to calculate 
the corrected sound pressure level, insertion loss and regenerated sound power level. This 
program was modified in order to calculate insertion loss with an airflow range from 0 
ft/min to 6000 fi/min in 1000 ft/min increments. The details o f the procedures for the
measurement o f the insertion loss are given m Chapter 3. A copy of the program is
included in the Appendix F.
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CHAPTERS
EXPERIMENT
The Center for Mechanical Environmental Systems Technology (CMEST) facility at 
the UNLV houses the acoustical laboratory for lined duct testing. The acoustic forward 
duct system had to be set-up for the testing o f the spiral dual-wall and single-wall circular 
lined ducts. Laboratory testing was conducted on the spiral dual-wall and single-wall 
circular lined ducts for measuring of the sound pressure levels in the reverberation room 
in order to calculate the insertion loss.
Fiberglass-lined ducts from six manufacturers were tested in forward airflow only. 
The name o f the manufactures and description o f products were not provided in the thesis 
in order to maintain the confidentially of the data. Five manufacturers provided dual-wall 
circular ducts with a 23% perforated sheet metal inner liner. The space between the outer 
shell and irmer liner was filled with 0.75-1.5 Ib/ft^ density fiberglass. One manufacturer 
supplied a single-wall duct lined with a 4.25-lb/ft^-density fiberglass duct board bonded 
together with a  phenolic binder. The outer shell and inner liner were constructed of spiral 
sheet metal galvanized steel. The total length o f each test section was II  f t  The length of 
the exposed lined duct was 10 f t  with 6 in. o f unlmed duct extension at each end. The 
extensions were flange ended to allow them to be fitted into the test section by using 
duct-mate connectors.
II
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Facility
The acoustical laboratory at the CMEST is a closed recirculating air system 
composed o f supply and retum-ahr fans, plenum chambers, sound source chambers, duct 
systems and reverberation room. A scheme of the CMEST facility is shown in figure 3.1.
Joy Technologies Inc manufactured the supply and retum-air fans. They are 
adjustable-pitch, variable-speed, and vane axial fans with a 6-ft. diameter. The air fiow 
capability o f these fan ranges fiom 1,000 to 65,000 cfin. The maximum static pressure for 
the fans is 4-in. water gauge. Each fan terminates in a 10-ft-long silencer bank and a 
plenum chamber. The chamber and silencer banks are designed to attenuate the fan­
generated noise. The sound source chamber is a 10 ft long, 4’x4’ double-wall square 
duct, lined with 4 in. o f fiberglass. It accommodates the three sound sources (the 
speakers). The straight duct systems, which connect the sound source chambers to the 
reverberation room for the supply and return air, have a length o f 70’1”. The 11-ft test 
sections are 31 ft fiom the sound source chambers and 28 ft fiom the reverberation room.
The reverberation room where the sound pressure levels were measured has a volume 
o f9,400 ft^. A turning vane is used for breaking up low-frequency standing waves in the 
room. The turning vane was essential for the room qualification. The room is qualified 
per ANSI Standard S 12.31 and ANSI Standard S 12.32. Further information of the testing 
facility at CMEST (named previously VASTLAB) is given in reference [8].
Test Setup
The tests for the spiral circular Imed ducts (both dual and single-wall) were 
performed in forward airflow only. The air supply duct tystem consisted o f 18 gauge
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spiral duct sections, lifted into place by 2 half-ton winches. The tested duct section was 
30 ft from the sound chamber and 28 ft firom the reverberation room. In order to connect 
the spiral duct sections between the sound chamber and the reverberation room, 
permanent transition pieces square to round (48”x48” to 48” diameter) were used. A 10 ft 
cone was installed between the permanent transition piece (next to the soimd chamber) 
and the first duct section in the supply system. The cone served as a transition piece 
between the 48-in. diameter permanent transition piece and the diameter o f the supply 
duct system. A sketch o f the setup of the system is shown in figure 3.1. Since the supply 
duct system and test section had to be o f the same diameter, the setup of the supply duct 
system was changed to match the diameter of the required new test section. The 
diameters o f test sections used were 12,20,28, 36,42, and 48 in.
PLENUM CHAMBI
SUPPLY OUCT SYSTEM
AIRFLOWEXHAUST DUCT SYSTEM
REVERBERATION Rl
SPEAKERS
SOUND CHAMBER
FAN ROOM
/  /
Figure 3.1 Schematic facili^ o f the CMEST Silencer Testing.
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After the installatioa o f the supply line was completed, the entire system was checked 
for leaks. This was accomplished by setting the supply and exhaust fans to maximum 
airflow rate and inspecting the ducts physically. Any leaks found were sealed with duct 
tape. Leaking increases the flow-generated noise and creates pure tones.
Airflow measurements in the supply duct system were made to measine the dynamic 
insertion loss o f spiral circular lined ducts at selected airflow rates. Airflow rates between 
1000 to 6000 Q)m in 1000-%m increments were studied. Since airflow rates were 
considered to be average air velocities, they couldn’t  be directly measured. However, 
center point air velocities could be measured and a relationship between center-point air 
velocity and average air velocity was established by regression analysis. A regression 
analysis was conducted using measured center point air velocities as the dependent 
variable and average air velocities as the independent variable. The average air velocity 
in the duct system for each of the six chosen center point air velocities was foimd by 
traversing the duct and averaging the measured point air velocities. For the traverse, the 
log-linear rule [9] and three symmetrically disposed diameters were used. The number of 
measuring points per diameter was 8 and the point locations were given by the log-linear 
rule. Figure 3J2 shows the measuring points for round duct traversing. A Velocicalc 
multi-ftinction meter was used to measure and average the point an  velocities. This 
device uses a  hot wire anemometer. Tablecurve, a  computer program for curve fitting, 
was used to conduct airflow regression analyses. This program produces several 
regression equations ranked according to their coefficient of determination, which 
indicates how well the regression curve fit the data. Equations and regression curves to 
predict center point air velocities m each o f the test sections are given m Appendix A.
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The procedure for measurmg flow in ducts is given by ASHRAE Standard 40-1987, 
“Standard Methods for Laboratory Air-FIow Measurement.
The original speakers of the sound source chamber were replaced because they didn't 
provide enough sound pressure in the reverberation room with the new circular duct 
system setup. It might be caused because the speakers were removed upstreamlS ft away 
ftom the original location. The description of the new speakers used on the sound source 
chamber for this thesis is given in the following section.
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Figure 3.2 Measuring Points for Round Ducts Traverse
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Instrumentation
The instrumentation that was required to performance sound pressure levels 
measurements is described below:
1. Noise Generator IVIE Electronics noise-generator, model EE-20B was used to 
generate the pink noise. It was used with zero dB attenuation.
2. Equalizer: A Yamaha Graphic Equalizer GQ 103 IB was used to sculpt the signal 
ftom the noise generator
3. Cross-Over Network: The signal from the equalizer was sent to a Range AC 23 
Active Crossover Network which limits the frequency range for the low, mid and 
high frequency range speakers.
4. Amplifier: The mid and low range speakers were powered by a Yamaha PD 2500 
1000 watt amplifier; and the high range speakers are powered by a Peavey PV 1200 
watt amplifier.
5. Speakers: The speakers used in the sound source chamber were located 30 ft away 
from the test section. They were:
• Low frequency range speaker: A JBL 18-inch diameter sub-woofer Model 2242H 
with a frequency range of 30 to 3000 Hz.
# Medium frequency range speakers: Two JBL drivers Model 2446H coimected in 
series and driven by a horn with a frequency range o f500 Hz to 20 kHz.
e High frequency range speakers: Two JBL drivers Model 2426H connected in 
series and driven by a horn with a frequency range o f800 Hz to 20 k ik .
6. Real Time Analyzer: A Norwegian real time analyzer type 830 was used to process 
the microphone-mput signal.
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7. Microphone: An ACO type 7046 microphone was used for taking measurements of 
the acoustical soimd pressure fluctuations in the reverberation room.
8. Acoustic Calibrator: A Bruel and KJaer multiflmctioa acoustic calibrator type 4226 
was used for microphone calibration.
The noise generation instrumentation setup is shown in figure 3.3.
EQUALIZER
CROSS­
OVER
NOISE
GENERATOR
AMPLIFIERAMPLIFIER
LOW
FREQ.
RANGE
SPEAKER
HIGH
FREQ.
RANGE
SPEAKER
MID
FREQ.
RANGE
SPEAKER
Figure 3.3 Noise Generation Instrumentation Setup
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Test Procedures
The procedures for the measurement of the insertion loss of a spiral dual-wall and
single-wali circular lined duct afier the supply duct system had been set up is as follow:
L An 11-foot empty circular duct was inserted in the test section o f the supply duct 
system.
2. The supply fan was turn on and the two upper doors in the north wall of the 
reverberation room were locked in their open position.
3. The real time frequency analyzer was setup for measuring the soimd pressure levels at 
the third-octave bands in the frequency range between 50 to 10000 Hz.
4. The microphone was calibrated with a Bruel and Kjaer multifunction acoustic 
calibrator type 4226 (calibration was performed with a 94 dB pure tone signal at 1000 
Hz).
5. The rotating vane in the reverberation room was set to rotate two revolutions per 
minute.
6. the 11-foot empty cfrcular duct inserted in the supply duct system, the sound 
pressure levels were measured in the reverberation room with zero airflow and the 
sound source o ff
7. With the ll-foot empty circular duct still in the supply duct system, the sound 
pressure levels were measured in the reverberation room with zero airflow and the 
sound source on.
8. Procedures 6 and 7 are repeated for airflow rates from 1000 to 6000 %m in 1000-%m 
increments.
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9. The 11-foot empty circular duct was removed and an 11-foot circular lined duct 
replaced it.
10. With the circular lined duct inserted in the supply duct system, the soimd pressure 
levels were measured in the reverberation room with zero airflow and the sound 
source off
11. With the circular lined duct still inserted in the supply duct system, the sound 
pressure levels were measured in the reverberation room with zero airflow and the 
sound source on.
12. Procedures 10 and 11 were repeated for dynamic insertion loss measurements with 
flow rates of 1000,2000,3000,4000,5000 and 6000 fpm.
The sound pressure level measurements were saved as CPM files. The data were 
transferred to a PC station where a computer program converted the CPM files to DOS 
files before using the computer program to calculate the insertion loss. The insertion loss 
and dynamic insertion loss raw data for all o f the spiral dual-wall and single-wall circular 
lined ducts are given in the appendix B and C respectively.
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CHAPTER 4
DISCUSSIONS AND RESULTS 
Statistical Analysis
Regression and correlation analyses, techniques for statistical analysis, were 
conducted on the measured insertion loss data with and without airflow to develop 
mathematical models that define the statistical relationship between the measured data 
and the variables that best describe the data. Regression analysis provides the basis for
predicting the values of the dependent variable firom the values of one o f more
independent variables. Regression finds the equation that most closely describes the 
measured data. Correlation analysis gives the strength o f the relationship among the 
variables. The coefficient o f correlation (C.C.) and the coefficient of determination 
(C.OD.) measure the strength o f the relationship between the variables. The coefficient 
o f determination is a measure o f the closeness o f fit o f the measured data to their 
regression curve. The coefficient o f determination is defined as follow:
C.OJ>. = l-(S V s^) 4.1
S "= 2 (Y -Y p r)V (n -k ) 42
s ^ = 2 (Y -Y « )V (n -I )  4 J
i^ere  is the variance o f the measured data values (Y) around the regression curve
(Ypr) and s^  is the variance o f the measured data values (Y) around the mean (Y«r) o f the
20
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measured data values. The number o f observations is given by “n” and the number of 
coefficients in the regression equation is given by “k”. The coefficient of correlation 
(C.C.) is simply the square root of the coefficient of determination. The coefficient o f 
correlation indicates how well the equation describes the relationship between the 
independent and dependent variables.
Reynolds and Bledsoe [1] conducted a multi-variable regression analysis on insertion 
loss data of spiral dual-wall circular lined duct with no flow conditions for each of the 
octave band center frequencies from 63 HZ to 8000 Hz. The regression analysis led to the 
regression equation
IL = (A+B*Th+C*Th^+D*Dia+E*Dia^+F*Dia^)*L 4.4
the equation 4.4 shows the relationship between the insertion loss without airflow and 
duct diameter and thickness. This relationship was used as a reference for the insertion 
loss regression analysis conducted on insertion loss data with no flow conditions obtained 
during this project. The insertion loss data are given in Appendix B.
Predicted Insertion Loss without Airflow 
A multi-variable regression analysis for each of the octave band center frequencies 
from 63 Uz to 8000 Hz was conducted on the measured insertion loss data without 
airflow. Several equations with thickness and duct diameter as the independent variables 
were try out. The multi-variable regression analysis determined the best curve fit to the 
measured data. The strength o f the relationship between the variables was given by the 
correlation analysis. The equation with the highest correlation was selected as the best 
model. The length o f the fiberglass lined circular ducts was standard; they were 10 f t
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
22
long. Thus, the measured insertion loss was normalized per 10 f t  The measured insertion 
loss data without airflow were arranged at each of the octave band center frequencies for 
regression analyses and are given in Appendix C. The statistical computer software 
SigmaStat carried out the multi-variable regression and correlation analyses. These 
analyses led to three equations, which are:
IL=A+B*Dia+C*DiaVE*Th 4.5
IL=A+B*Dia+C*Dia-+D*Dia^+E*Th 4.6
IL=AH-B*Dia+C*Dia^+D*Dia^ 4.7
Equation 4.5 is the regression equation that most closely described the insertion loss data 
at the 63 Hz octave band. Its coefficient o f determination (C.OD) was 0.41 and the 
correlation coefficient (C.C) was 0.64; the reason for these low values was due to the 
high sound pressure variations in the low frequencies. The correlation coefficient (C.C) 
and the coefficient o f determination (C.OD) for multi-variable regression, are both 
measures o f how well the regression model describes the data. Correlation coefficient 
values near 1 indicate that the equation is a good description o f the relation between the 
independent and dependent variables. Figure 4.1 shows the regression curve generated by 
equation 4.5 at the 63 Hz octave band. Equation 4.6 is the regression equation that best 
described the insertion loss data at the 125 Hz, 250 Hz and 500 Hz octave band. The 
coefficients o f determination were 0.79, 0.86, and 0.81 respectively. The correlation 
coefficients were 0.89, 0.93, and 0.9 respectively. These values indicated that the 
regression equation was a good mathematical model to describe the data in the upper low 
and middle range frequencies. Figures 4.2, 4.3, and 4.4 show the regression curves 
generated by equation 4.6 in the 125 Hz, 250 Hz and 500 Hz octave bands respectively.
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Average and Predicted IL - 63 Hz Octave Band 
1 In. and 2 In. Duct Liner
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Figure 4.1 Average and Predicted IL at 63 Octave Band
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Average and Predicted (L- 125 Hz Octave Band 
1 in. and 2 in. Duct Liner
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Figure 4 2  Average and Predicted IL at 125 Hz Octave Band
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Average and Predicted IL - 250 Hz Octave Band 
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Figure 4 3  Average and Predicted IL at 250 Hz Octave Band
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1 in. and 2 in. Duct Liner
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Figure 4.4 Average and Predicted IL at 500 Hz Octave Band
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At high frequencies (above 1000 Hz) equation 4.7 indicates that thickness is no 
longer a significant variable in the prediction o f the insertion loss. This conclusion was 
drawn when insertion loss plots at the high frequencies for the 1 in. and 2 in. duct liner 
were overlapped and the regression curves for the predicted insertion loss values came 
very close or they matched. This effect is shown in figures 4.5, 4.6, 4.7, and 4.8. The 
coefficients o f determination in the 1000 Hz, 2000 Hz, 4000 Hz, and 8000 Hz were 0.94, 
0.92,0.75, and 0.86 respectively. The correlation coefficients were 0.97, 0.96, 0.87, and 
0.93. These values indicated that the regression equation 4.7 is a good description o f the 
relation between the insertion loss values and the internal duct diameter of the fiberglass 
lined circular ducts. The coefficient values of the independent variables for these 
equations are given in table 4.1.
Table 4.1 IL Regression Equation Coefficients
Frequency
(Hz)
Equation
Number
C.C.” C.OT).* Coefficients
A B C D E
63 4.5 0.63 0.41 0.071 -0.003 0.00002 0 0.053
125 4.6 0.89 0.79 0.483 -0.032 0.00058 -3.6E-06 0.149
250 4.6 0.93 0.86 1.068 -0.070 0.00126 -8.3E-06 0.512
500 4.6 0.90 0.81 1.495 -0.069 0.00115 -8.6E-06 1.007
1000 4.7 0.97 0.94 5.555 -0.162 0.00205 -lE-05 0
2000 4.7 0.96 0.92 5.037 -0204 0.00414 -2.9E-05 0
4000 4.7 0.87 0.75 2.667 -0.057 0.00119 -9.8E-06 0
8000 4.7 0.93 0.86 0.758 0.087 -0.00248 1.71E-05 0
** coefficient o f correlation; * coefficient of determination
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Average and Predicted IL - 1000 Hz Octave Band 
1 in. and 2 in. Duct Liner
28
4.0
—  Predicted IL - 2 in. duct liner 
•  Average IL - 2 in. duct liner
■ Average IL -1  in. duct liner
 Predicted IL -1 in. duct liner
 Predicted IL without thickness
3.5
3.0
I 2.5
t
0)
g  2.0
^  1.5
1.0
0.5
0.0
Duct D iam eter-in.
Figure 4.5 Average and Predicted IL at 1000 Hz Octave Band
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Average and Predicted IL - 2000 Hz Octave Band 
1 in. and 2 in. Duct Liner
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Figure 4.6 Average and Predicted IL at 2000 Hz Octave Band
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Average and Predicted IL -4000 Hz Octave Band 
1 in. and 2 in. Duct Liner
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Figure 4.7 Average and Predicted IL at 4000 Hz Octave Band
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Average and Predicted IL - 8000 Hz Octave Band 
1 In. and 2 In. Duct Liner
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Figure 4.8 Average and Predicted IL at 8000 Hz Octave Band
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Figures 4.1 through 4.8 show the average performance of the circular lined ducts as a 
function of their internal duct diameter and thickness. Averaged insertion loss values of 
the 20-in. internal duct diameters shown in figures 4.2, 4.3, and 4.6 were low due to the 
poor performance o f two out of six tested lined ducts.
Since it was desired to predict insertion loss values for internal duct diameters beyond 
the range of the tested diameters, extrapolated insertion loss values for the 60-in. and 72- 
in. diameters were included. They were included in the insertion loss raw data for each of 
the octave band center frequencies from 63 Hz to 8000 Hz. These values helped to obtain 
a better regression-fitting curve on the raw data.
Equations 4.2, 4.3 and 4.4 were used to generate the insertion loss tables for internal 
duct diameters between 12 to 72 inches in 2-in. increments and for the 1 in. and 2 in. liner 
thickness. Predicted insertion loss values are given in Tables 4 2  and 4.3 for the 1 in. and 
2 in. liner thickness respectively.
The average and standard deviation of the measured insertion loss for each set of 
fiberglass lined circular ducts of equal internal diameter and equal liner thickness were 
calculated at each o f the octave center fi%quency bands from 63 Hz to 8000 Hz. These 
values are given in Appendix D as Tables D.l through D.8. The average and standard 
deviation o f the insertion loss for each duct diameter and the corresponding predicted 
insertion loss values at ^ h  of the octave band center frequencies fium 63 Hz to 8000 Hz 
were plotted as a function of the internal duct diameter. It was done fr)r the 1 and 2 inches 
liner thickness. These plots show the effect of the duct diameter on the insertion loss. 
They also show the deviation o f the insertion loss data with respect to the mean value at
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each duct diameter. Plotted data for each of the octave band center frequencies are given 
in the Appendix E.
Predicted insertion loss values for the 12, 20, 28, 36, 42,48, 60, and 72 in. internal 
duct diameters have heen also plotted as a function of the octave band center frequencies 
from 63 Hz to 8000 Hz and for each duct liner thickness. These plots show the predicted 
performance of the fiberglass lined circular duct at each o f the octave band center 
frequencies. These plots are shown in Figures 4.9 and 4.10. Information obtained fium 
these plots will be discussed in Chapter 5 as conclusions.
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Table 4 2  Predicted Insertion Loss at zero airflow, 2-in. liner thickness
34
PREDICTED INSERTION LOSS - 
Zero Flow
dB/ft
Liner Thickness = 2.00 in.
Diameter
in.
Octave land Center Frequency - Hz
63 125 250 500 1000 2000 4000 8000
12 0.14 0.47 1.42 2.83 3.89 3.13 2.13 1.47
14 0.13 0.44 124 2.74 3.66 2.91 2.07 1.54
16 0.13 0.40 127 2.66 3.45 2.71 2.01 1.58
18 0.12 0.37 1.20 2.58 325 2.53 136 1.62
20 0.12 0.34 1.14 2.51 3.06 2.38 1.92 1.64
22 0.11 0.32 1.08 2.45 2.88 2.24 1.88 1.65
24 0.11 0.30 1.03 2.39 2.71 2.12 1.84 1.65
26 0.10 028 0.99 2.33 2.55 2.02 1.81 1.64
28 0.10 026 0.95 228 2.41 1.93 1.78 1.62
30 0.09 025 0.92 223 227 1.85 1.75 1.59
32 0.09 023 0.89 2.18 2.14 1.79 1.73 1.56
34 0.09 022 0.86 2.14 2.02 1.74 1.71 1.52
36 0.08 021 0.83 2.10 1.91 1.69 1.69 1.47
38 0.08 020 0.81 2.06 1.80 1.66 1.67 1.42
40 0.07 020 0.80 2.02 1.70 1.63 1.65 136
42 0-07 0.19 0.78 1.98 1.61 1.61 1.63 1.30
44 0.07 0.19 0.76 1.95 1.53 1.59 1.61 124
46 0.07 0.18 0.75 1.91 1.45 1.57 1.59 1.17
48 0.06 0.18 0.74 1.87 1.37 1.56 1.57 I.IO
50 0.06 0.18 0.73 1.84 1.30 1.54 1.55 1.04
52 0.06 0.18 0.72 1.80 124 1.52 1.52 0.97
54 0.06 0.17 0.70 1.76 1.17 1.50 1.49 0.91
56 0.05 0.17 0.69 1.72 1.11 1.48 1.46 0.85
58 0.05 0.17 0.68 1.67 1.06 1.44 1.43 0.79
60 0.05 0.17 0.66 1.62 1.00 1.40 139 0.74
62 0.05 0.16 0.64 1.57 0.95 136 134 0.69
64 0.05 0.16 0.62 1.52 0.89 1.30 129 0.64
66 0.05 0.15 0.60 1.46 0.84 123 124 0.60
68 0.05 0.15 0.58 1.40 0.79 1.15 1.18 037
70 0.04 0.14 0.55 123 0.74 1.05 1.11 035
72 0.04 0.13 022 126 0.68 0.94 1.04 034
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Table 43  Predicted Insertion Loss at zero airflow, 1-in. liner thickness
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PREDICTED INSERTION LOSS - 
Zero Flow
dB/ft
Liner Thickness = 1.00 in.
Diameter
in.
Octave land Center Frequency-Hz
63 125 250 500 1000 2000 4000 8000
12 0.09 0.32 0.91 1.82 3.89 3.13 2.13 1.47
14 0.08 0.29 0.83 1.73 3.66 2.91 2.07 1.54
16 0.07 0.25 0.76 1.65 3.45 2.71 2.01 1.58
18 0.07 032 0.69 1.57 335 2.53 1.96 1.62
20 0.06 0.19 0.63 1.50 3.06 2.38 1.92 1.64
22 0.06 0.17 0.57 1.44 2.88 234 1.88 1.65
24 0.05 0.15 0.52 1.38 2.71 2.12 1.84 1.65
26 0.05 0.13 0.48 132 2.55 2.02 1.81 1.64
28 0.05 0.11 0.44 137 2.41 1.93 1-78 1.62
30 0.04 0.10 0.40 132 237 1.85 1.75 1.59
32 0.04 0.08 037 1.18 2.14 1.79 1.73 1.56
34 0.03 0.07 035 1.13 2.02 1.74 1.71 132
36 0.03 0.06 032 1.09 1.91 1.69 1.69 1.47
38 0.03 0.06 030 1.05 1.80 1.66 1.67 1.42
40 0.02 0.05 038 1.01 1.70 1.63 1.65 1.36
42 0.02 0.04 037 0.98 1.61 1.61 1.63 1.30
44 0.02 0.04 035 0.94 1.53 1.59 1.61 134
46 0.01 0.04 034 0.90 1.45 1.57 139 1.17
48 0.01 0.03 033 0.87 137 1.56 1.57 1.10
50 0.01 0.03 032 0.83 1.30 1.54 1.55 1.04
52 0.01 0.03 030 0.79 134 1.52 1.52 0.97
54 0.00 0.03 0.19 0.75 1.17 1.50 1.49 0.91
56 0.00 0.02 0.18 0.71 1.11 1.48 1.46 0.85
58 0.00 0.02 0.16 0.66 1.06 1.44 1.43 0.79
60 0.00 0.02 0.15 0.62 1.00 1.40 1.39 0.74
62 0.00 0.01 0.13 0.57 0.95 136 1.34 0.69
64 0.00 0.01 0.11 0.51 0.89 1.30 139 0.64
66 0.00 0.00 0.09 0.45 0.84 1.23 134 0.60
68 0.00 0.00 0.07 0.39 0.79 1.15 1.18 0.57
70 0.00 0.00 0.04 032 0.74 1.05 1.11 0.55
72 0.00 0.00 0.00 035 0.68 034 1.04 0.54
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Regression Curves 
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Figure 4.9 Predicted Insertioa Loss Curves, 1-in. duct liner thickness.
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Regression Curves 
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Figure 4.10 Predicted Insertioa Loss Curves, 2-in. duct liner thickness.
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Predicted Dynamic Insertion Loss 
In order to predict the dynamic insertion loss values associated with airflow by 
regression procedures, the measured insertion loss data (without flow) was subtracted 
from the corresponding measured dynamic insertion loss data for the flow rates from 
1000 %m to 6000 fpm in ICOO-fpm increments. The resulting subtracted data named as 
AIL (difference in insertion loss) was normalized per 10-ft duct length before a multi- 
variable regression analysis was conducted on it.
Dynamic insertion loss raw data are given in Appendix C. Measured dynamic 
insertion loss data labeled with a double asterisk were not considered into the AIL data 
for the regression analyses. These values were limited by the airflow self-generated noise. 
AIL data values were plotted against airflow rates for each o f the octave band center 
frequencies (from 63 Hz to 8000 Hz) and for each duct size in order to visually inspect 
data. Bad data, which deviated greatly from the other related data, were omitted. AIL data 
for the regression analyses were arranged for each octave band center frequency as a 
function of airflow velocity, internal duct diameter and liner thickness. AIL raw data 
Tables are given in Appendix D.
A forward stepwise regression and correlation analysis was conducted on AIL data to 
determine its dependency regarding airflow velocity, internal duct diameter and liner 
thickness. This was completed for the octave band center frequencies from 63 Hz to 8000 
Hz. Several equations were tried out and the forward stepwise regression analysis 
determined which independent variables statiscally contributed to the predicted 
dependent variable. The equation with the highest coefBcient o f determination and 
correlation was selected. Equations obtained by the stepwise regression analyses were
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used on a multi-variable regression analysis to predict AIL. The independent variables 
were the internal duct diameter, the liner thickness (I and 2 in), and the airflow rate. The 
forward stepwise and multi-variable regression analyses were carried out in Sigmastat, 
computer software for statistical analysis. Regression equations obtained by the stepwise 
regression analyses are given in table 4.4
Table 4.4 AIL Regression Equations
Freq. (Hz) Equation Eq. Number
63 AIL =A+B*Dia+C*Dia^+E*VeF 4.5
125 AIL =A+B*Dia+C*Dia^D*Vel 4.6
250 AIL =A+D*Vel+F*Th 4.7
500 AIL =A+B*Dia+C*Dia^+D*Vel+F*Th 4.8
1000 AIL =A+E*Vel^+F*Th 4.9
2000 AIL =A+C*Dia^+D*Vel+F*Th 4.10
4000 AIL =A+B*Dia+D*Vel+F*Th 4.11
8000 AIL =A+B*Dia+D*VeI+E*VeF+F*Th 4.12
The regression equation coefficients are given in Table 4.5 and could be obtained 
from either stepwise or multi-variable regression analysis. The coefficients of 
determination (C.0J3.) and correlation coefficients (C.C.) show in table 4.5 indicated 
that the strength o f association between variables is not strong, mainly at the low 
frequencies. This poor correlation between the variables at the low frequency was 
expected since the regression curves were almost straight with a  negligible slope. Both of 
the coefficients (C.OT). and C.C.) improved at the middle and high frecpiencies. Table
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
40
4.5 also indicates that at low frequencies the liner thickness was not a contributor in the 
prediction of AIL. The predicted AIL values are given in tables 4.6 through 4.17.
Table 4.5 AIL Regression Equation Coefficients
Freq.
(Hz)
Equation
Number
C.C.** C .0J3' Coefficients
A B C D E F
63 4.5 0.35 0.12 0.162 -0.013 0.0002 0 137E-09 0
125 4.6 0.37 0.14 0.095 -0.009 0.0002 -6.6E-06 0 0
250 4.7 0.70 0.49 0.064 0 0 -1.7E-05 0 -0.044
500 4.8 0.80 0.64 -0.075 0.006 -6.3E-05 -2.6E-05 0 -0.023
1000 4.9 0.62 0.38 -0.090 0 0 0 -1.7E-09 0.064
2000 4.10 0.57 032 0.008 0 -5.4E-05 9.16E-06 0 0.045
4000 4.11 0.60 0.36 0.092 -0.005 0 1.74E-05 0 0.054
8000 4.12 0.53 038 0.085 -0.005 0 4.61E-05 -63E-09 0.042
coefficient o f correlation; * coefficient o f determination
The predicted dynamic insertion loss (DIL) at a given airflow rate can be fotmd by 
adding the AIL values in each o f the octave band center frequencies given in Tables 4.6 
through 4.17 to the predicted insertion loss (IL) values given in Table 4.2 or Table 4 3 . It 
is mathematically expressed by equation 4.5.
D1L = 1L+A1L 4.5
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Table 4.6 Predicted AIL at 1000 fpm, 2-in. liner thickness
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PREDICTED AIL - dB/ft 
1000 fpm
Liner Thickness = 2.00 in.
Diameter
in.
Octave )and Center Frequency - Hz
63 125 250 500 1000 2000 4000 8000
12 0.04 0.01 -0.04 -0.09 0.04 0.10 0.16 0.15
14 0.02 0.00 -0.04 -0.08 0.04 0.10 0.15 0.14
16 0.01 -0.01 -0.04 -0.07 0.04 0.09 0.14 0.13
18 0.00 -0.02 -0.04 -0.06 0.04 0.09 0.13 0.12
20 -0.01 -0.02 -0.04 -0.06 0.04 0.08 0.12 0.11
22 -0.02 -0.03 -0.04 -0.05 0.04 0.08 0.11 0.10
24 -0.03 -0.03 -0.04 -0.05 0.04 0.08 0.11 0.09
26 -0.04 -0.03 -0.04 -0.04 0.04 0.07 0.10 0.08
28 -0.04 -0.03 -0.04 -0.04 0.04 0.06 0.09 0.07
30 -0.04 -0.03 -0.04 -0.03 0.04 0.06 0.08 0.06
32 -0.04 -0.03 -0.04 -0.03 0.04 0.05 0.07 0.05
34 -0.04 -0.03 -0.04 -0.02 0.04 0.04 0.06 0.04
36 -0.04 -0.02 -0.04 -0.02 0.04 0.04 0.05 0.03
38 -0.04 -0.02 -0.04 -0.02 0.04 0.03 0.04 0.02
40 -0.03 -0.01 -0.04 -0.02 0.04 0.02 0.03 0.00
42 -0.02 0.00 -0.04 -0.02 0.04 0.01 0.02 -0.01
44 -0.01 0.01 -0.04 -0.02 0.04 0.00 0.01 -0.02
46 0.00 0.02 -0.04 -0.02 0.04 -0.01 0.00 -0.03
48 0.01 0.03 -0.04 -0.02 0.04 -0.02 -0.01 -0.04
50 0.02 0.04 -0.04 -0.02 0.04 -0.03 -0.02 -0.05
52 0.04 0.06 -0.04 -0.02 0.04 -0.04 -0.02 -0.06
54 0.05 0.07 -0.04 -0.02 0.04 -0.05 -0.03 -0.07
56 0.07 0.09 -0.04 -0.02 0.04 -0.06 -0.04 -0.08
58 0.09 0.11 -0.04 -0.03 0.04 -0.07 -0.05 -0.09
60 0.11 0.12 -0.04 -0.03 0.04 -0.09 -0.06 -0.10
62 0.14 0.14 -0.04 -0.03 0.04 -0.10 -0.07 -0.11
64 0.16 0.17 -0.04 -0.04 0.04 -0.11 -0.08 -0.12
66 0.19 0.19 -0.04 -0.04 0.04 -0.13 -0.09 -0.13
68 0.22 0.21 -0.04 -0.05 0.04 -0.14 -0.10 -0.14
70 035 034 -0.04 -0.06 0.04 -0.16 -0.11 -0.15
72 038 036 -0.04 -0.06 0.04 -0.17 -0.12 -0.16
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Table 4.7 Predicted AIL at 1000 %m, 1-in. liner thickness
PREDICTED AIL - dB/ft 
1000 fpm
Liner Thickness = 1.00 in.
Diameter
in.
Octave land Center Frequency - Hz
63 125 250 500 1000 2000 4000 8000
12 0.04 0.01 0.00 -0.06 -0.03 0.05 0.11 0.11
14 0.02 0.00 0.00 -0.06 -0.03 0.05 0.10 0.10
16 0.01 -0.01 0.00 -0.05 -0.03 0.05 0.09 0.09
18 0.00 -0.02 0.00 -0.04 -0.03 0.04 0.08 0.08
20 -0.01 -0.02 0.00 -0.03 -0.03 0.04 0.07 0.07
22 -0.02 -0.03 0.00 -0.03 -0.03 0.04 0.06 0.05
24 -0.03 -0.03 0.00 -0.02 -0.03 0.03 0.05 0.04
26 -0.04 -0.03 0.00 -0.02 -0.03 0.03 0.04 0.03
28 -0.04 -0.03 0.00 -0.01 -0.03 0.02 0.03 0.02
30 -0.04 -0.03 0.00 -0.01 -0.03 0.01 0.02 0.01
32 -0.04 -0.03 0.00 0.00 -0.03 0.01 0.01 0.00
34 -0.04 -0.03 0.00 0.00 -0.03 0.00 0.01 -0.01
36 -0.04 -0.02 0.00 0.00 -0.03 -0.01 0.00 -0.02
38 -0.04 -0.02 0.00 0.00 -0.03 -0.02 -0.01 -0.03
40 -0.03 -0.01 0.00 0.00 -0.03 -0.02 -0.02 -0.04
42 -0.02 0.00 0.00 0.01 -0.03 -0.03 -0.03 -0.05
44 -0.01 0.01 0.00 0.01 -0.03 -0.04 -0.04 -0.06
46 0.00 0.02 0.00 0.01 -0.03 -0.05 -0.05 -0.07
48 0.01 0.03 0.00 0.01 -0.03 -0.06 -0.06 -0.08
50 0.02 0.04 0.00 0.00 -0.03 -0.07 -0.07 -0.09
52 0.04 0.06 0.00 0.00 -0.03 -0.08 -0.08 -0.10
54 0.05 0.07 0.00 0.00 -0.03 -0.10 -0.09 -0.11
56 0.07 0.09 0.00 0.00 -0.03 -0.11 -0.10 -0.12
58 0.09 0.11 0.00 0.00 -0.03 -0.12 -0.11 -0.13
60 0.11 0.12 0.00 -0.01 -0.03 -0.13 -0.12 -0.14
62 0.14 0.14 0.00 -0.01 -0.03 -0.14 -0.12 -0.15
64 0.16 0.17 0.00 -0.02 -0.03 -0.16 -0.13 -0.16
66 0.19 0.19 0.00 -0.02 -0.03 -0.17 -0.14 -0.17
68 032 031 0.00 -0.03 -0.03 -0.19 -0.15 -0.18
70 0.25 034 0.00 -0.03 -0.03 -0.20 -0.16 -0.19
72 038 036 0.00 -0.04 -0.03 -0.22 -0.17 -0.20
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Table 4.8 Predicted AIL at 2000 2-in. liner thickness
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PREDICTED AIL - dB/ft 
2000 fpm
Liner Thickness = 2.00 in.
Diameter Octave land Center Frequency - Hz
in. 63 125 250 500 1000 2000 4000 8000
12 0.04 0.00 -0.06 -0.11 0.03 0.11 0.18 0.18
14 0.03 -0.01 -0.06 -0.10 0.03 0.10 0.17 0.17
16 0.01 -0.02 -0.06 -0.10 0.03 0.10 0.16 0.16
18 0.00 -0.02 -0.06 -0.09 0.03 0.10 0.15 0.15
20 -0.01 -0.03 -0.06 -0.08 0.03 0.09 0.14 0.13
22 -0.02 -0.03 -0.06 -0.08 0.03 0.09 0.13 0.12
24 -0.03 -0.04 -0.06 -0.07 0.03 0.08 0.12 0.11
26 -0.03 -0.04 -0.06 -0.07 0.03 0.08 0.11 0.10
28 -0.04 -0.04 -0.06 -0.06 0.03 0.07 0.10 0.09
30 -0.04 -0.04 -0.06 -0.06 0.03 0.07 0.09 0.08
32 -0.04 -0.04 -0.06 -0.05 0.03 0.06 0.09 0.07
34 -0.04 -0.03 -0.06 -0.05 0.03 0.05 0.08 0.06
36 -0.04 -0.03 -0.06 -0.05 0.03 0.05 0.07 0.05
38 -0.03 -0.02 -0.06 -0.05 0.03 0.04 0.06 0.04
40 -0.03 -0.02 -0.06 -0.04 0.03 0.03 0.05 0.03
42 -0.02 -0.01 -0.06 -0.04 0.03 0.02 0.04 0.02
44 -0.01 0.00 -0.06 -0.04 0.03 0.01 0.03 0.01
46 0.00 0.01 -0.06 -0.04 0.03 0.00 0.02 0.00
48 0.01 0.02 -0.06 -0.04 0.03 -0.01 0.01 -O.OI
50 0.03 0.04 -0.06 -0.04 0.03 -0.02 0.00 -0.02
52 0.04 0.05 -0.06 -0.05 0.03 -0.03 -0.01 -0.03
54 0.06 0.06 -0.06 -0.05 0.03 -0.04 -0.02 -0.04
56 0.08 0.08 -0.06 -0.05 0.03 -0.05 -0.03 -0.05
58 0.10 0.10 -0.06 -0.05 0.03 -0.07 -0.03 -0.06
60 0.12 0.12 -0.06 -0.06 0.03 -0.08 -0.04 -0.07
62 0.14 0.14 -0.06 -0.06 0.03 -0.09 -0.05 -0.08
64 0.17 0.16 -0.06 -0.06 0.03 -0.10 -0.06 -0.09
66 0.19 0.18 -0.06 -0.07 0.03 -0.12 -0.07 -0.10
68 022 020 -0.06 -0.07 0.03 -0.13 -0.08 -0.11
70 0.25 023 -0.06 -0.08 0.03 -0.15 -0.09 -0.12
72 028 026 -0.06 -0.09 0.03 -0.16 -0.10 -0.13
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Table 4.9 Predicted ABL at 2000 fpm, 1-in. liner thickness
PREDICTED AIL - dB/ft 
2000 fpm
Liner Thickness = 1.00 in.
Diameter
in.
Octave îand Center Frequency - Hz
63 125 250 500 1000 2000 4000 8000
12 0.04 0.00 -0.01 -0.09 -0.03 0.06 0.12 0.13
14 0.03 -0.01 -0.01 -0.08 -0.03 0.06 0.12 0.12
16 0.01 -0.02 -0.01 -0.07 -0.03 0.06 0.11 0.11
18 0.00 -0.02 -0.01 -0.07 -0.03 0.05 0.10 0.10
20 -0.01 -0.03 -0.01 -0.06 -0.03 0.05 0.09 0.09
22 -0.02 -0.03 -0.01 -0.05 -0.03 0.04 0.08 0.08
24 -0.03 -0.04 -0.01 -0.05 -0.03 0.04 0.07 0.07
26 -0.03 -0.04 -0.01 -0.04 -0.03 0.03 0.06 0.06
28 -0.04 -0.04 -0.01 -0.04 -0.03 0.03 0.05 0.05
30 -0.04 -0.04 -0.01 -0.03 -0.03 0.02 0.04 0.04
32 -0.04 -0.04 -0.01 -0.03 -0.03 0.02 0.03 0.03
34 -0.04 -0.03 -0.01 -0.03 -0.03 0.01 0.02 0.02
36 -0.04 -0.03 -0.01 -0.02 -0.03 0.00 0.01 0.01
38 -0.03 -0.02 -0.01 -0.02 -0.03 -0.01 0.00 0.00
40 -0.03 -0.02 -0.01 -0.02 -0.03 -0.02 -0.01 -0.01
42 -0.02 -0.01 -0.01 -0.02 -0.03 -0.02 -0.01 -0.02
44 -0.01 0.00 -0.01 -0.02 -0.03 -0.03 -0.02 -0.03
46 0.00 0.01 -0.01 -0.02 -0.03 -0.04 -0.03 -0.04
48 0.01 0.02 -0.01 -0.02 -0.03 -0.05 -0.04 -0.05
50 0.03 0.04 -0.01 -0.02 -0.03 -0.06 -0.05 -0.06
52 0.04 0.05 -0.01 -0.02 -0.03 -0.07 -0.06 -0.07
54 0.06 0.06 -0.01 -0.02 -0.03 -0.09 -0.07 -0.08
56 0.08 0.08 -0.01 -0.03 -0.03 -0.10 -0.08 -0.09
58 0.10 O.IO -0.01 -0.03 -0.03 -0.11 -0.09 -0.10
60 0.12 0.12 -0.01 -0.03 -0.03 -0.12 -0.10 -0.11
62 0.14 0.14 -0.01 -0.04 -0.03 -0.14 -0.11 -0.12
64 0.17 0.16 -0.01 -0.04 -0.03 -0.15 -0.12 -0.13
66 0.19 0.18 -0.01 -0.05 -0.03 -0.16 -0.13 -0.14
68 022 0.20 -0.01 -0.05 -0.03 -0.18 -0.13 -0.15
70 0.25 023 -0.01 -0.06 -0.03 -0.19 -0.14 -0.16
72 028 026 -0.01 -0.06 -0.03 -021 -0.15 -0.17
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Table 4.10 Predicted AIL at 3000 fpm, 2-in. liner thickness
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PREDICTED AIL - dB/ft 
3000 fpm
Liner Thickness = 2.00 in.
Diameter
in.
Octave îand Center Frequency - Hz
63 125 250 500 1000 2000 4000 8000
12 0.05 -0.01 -0.08 -0.14 0.02 0.12 0.20 0.19
14 0.03 -0.01 -0.08 -0.13 0.02 0.11 0.19 0.18
16 0.02 -0.02 -0.08 -0.12 0.02 0.11 0.18 0.17
18 0.01 -0.03 -0.08 -0.12 0.02 0.11 0.17 0.16
20 0.00 -0.03 -0.08 -0.11 0.02 0.10 0.16 0.15
22 -0.01 -0.04 -0.08 -0.10 0.02 0.10 0.15 0.14
24 -0.02 -0.04 -0.08 -0.10 0.02 0.09 0.14 0.13
26 -0.02 -0.04 -0.08 -0.09 0.02 0.09 0.13 0.12
28 -0.03 -0.04 -0.08 -0.09 0.02 0.08 0.12 0.11
30 -0.03 -0.04 -0.08 -0.08 0.02 0.08 0.11 0.10
32 -0.03 -0.04 -0.08 -0.08 0.02 0.07 0.10 0.09
34 -0.03 -0.04 -0.08 -0.08 0.02 0.06 0.09 0.08
36 -0.03 -0.03 -0.08 -0.07 0.02 0.05 0.08 0.07
38 -0.02 -0.03 -0.08 -0.07 0.02 0.05 0.08 0.06
40 -0.02 -0.02 -0.08 -0.07 0.02 0.04 0.07 0.05
42 -0.01 -0.01 -0.08 -0.07 0.02 0.03 0.06 0.04
44 0.00 -0.01 -0.08 -0.07 0.02 0.02 0.05 0.03
46 0.01 0.00 -0.08 -0.07 0.02 0.01 0.04 0.02
48 0.02 0.02 -0.08 -0.07 0.02 0.00 0.03 0.01
50 0.03 0.03 -0.08 -0.07 0.02 -0.01 0.02 0.00
52 0.05 0.04 -0.08 -0.07 0.02 -0.02 0.01 -O.OI
54 0.06 0.06 -0.08 -0.07 0.02 -0.03 0.00 -0.02
56 0.08 0.07 -0.08 -0.08 0.02 -0.04 -0.01 -0.03
58 0.10 0.09 -0.08 -0.08 0.02 -0.06 -0.02 -0.04
60 0.12 0.11 -0.08 -0.08 0.02 -0.07 -0.03 -0.05
62 0.15 0.13 -0.08 -0.09 0.02 -0.08 -0.04 -0.06
64 0.17 0.15 -0.08 -0.09 0.02 -0.10 -0.05 -0.08
66 020 0.17 -0.08 -0.10 0.02 -0.11 -0.05 -0.09
68 023 020 -0.08 -0.10 0.02 -0.12 -0.06 -0.10
70 026 022 -0.08 -0.11 0.02 -0.14 -0.07 -0.11
72 029 025 -0.08 -0.11 0.02 -0.15 -0.08 -0.12
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Table 4.11 Predicted AIL at 3000 %m, 1-in, liner thickness
PREDICTED AIL - dB/ft 
3000 fpm
Liner Thickness = 1.00 in.
Diameter
in.
Octave land Center Frequency - Hz
63 125 250 500 1000 2000 4000 8000
12 0.05 -0.01 -0.03 -0.12 -0.04 0.07 0.14 0.15
14 0.03 -0.01 -0.03 -0.11 -0.04 0.07 0.13 0.14
16 0.02 -0.02 -0.03 -0.10 -0.04 0.07 0.12 0.13
18 0.01 -0.03 -0.03 -0.09 -0.04 0.06 0.11 0.12
20 0.00 -0.03 -0.03 -0.09 -0.04 0.06 0.10 0.11
22 -0.01 -0.04 -0.03 -0.08 -0.04 0.05 0.10 0.10
24 -0.02 -0.04 -0.03 -0.07 -0.04 0.05 0.09 0.09
26 -0.02 -0.04 -0.03 -0.07 -0.04 0.04 0.08 0.08
28 -0.03 -0.04 -0.03 -0.06 -0.04 0.04 0.07 0.07
30 -0.03 -0.04 -0.03 -0.06 -0.04 0.03 0.06 0.06
32 -0.03 -0.04 -0.03 -0.06 -0.04 0.02 0.05 0.05
34 -0.03 -0.04 -0.03 -0.05 -0.04 0.02 0.04 0.04
36 -0.03 -0.03 -0.03 -0.05 -0.04 0.01 0.03 0.03
38 -0.02 -0.03 -0.03 -0.05 -0.04 0.00 0.02 0.02
40 -0.02 -0.02 -0.03 -0.05 -0.04 -0.01 0.01 0.01
42 -0.01 -0.01 -0.03 -0.05 -0.04 -0.01 0.00 0.00
44 0.00 -0.01 -0.03 -0.05 -0.04 -0.02 -0.01 -0.02
46 0.01 0.00 -0.03 -0.05 -0.04 -0.03 -0.02 -0.03
48 0.02 0.02 -0.03 -0.05 -0.04 -0.04 -0.02 -0.04
50 0.03 0.03 -0.03 -0.05 -0.04 -0.05 -0.03 -0.05
52 0.05 0.04 -0.03 -0.05 -0.04 -0.07 -0.04 -0.06
54 0.06 0.06 -0.03 -0.05 -0.04 -0.08 -0.05 -0.07
56 0.08 0.07 -0.03 -0.05 -0.04 -0.09 -0.06 -0.08
58 0.10 0.09 -0.03 -0.06 -0.04 -0.10 -0.07 -0.09
60 0.12 0.11 -0.03 -0.06 -0.04 -0.11 -0.08 -0.10
62 0.15 0.13 -0.03 -0.06 -0.04 -0.13 -0.09 -0.11
64 0.17 0.15 -0.03 -0.07 -0.04 -0.14 -0.10 -0.12
66 0.20 0.17 -0.03 -0.07 -0.04 -0.15 -0.11 -0.13
68 023 0.20 -0.03 -0.08 -0.04 -0.17 -0.12 -0.14
70 026 0.22 -0.03 -0.08 -0.04 -0.18 -0.13 -0.15
72 029 025 -0.03 -0.09 -0.04 -020 -0.14 -0.16
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Table 4.12 Predicted AIL at 4000 fpm, 2-in. liner thickness
PREDICTED AIL - dB/ft 
4000 fpm
Liner Thickness = 2.00 in.
Diameter
in.
Octave land Center Frequency - Hz
63 125 250 500 1000 2000 4000 8000
12 0.06 -0.01 -0.09 -0.16 0.01 0.13 021 0.19
14 0.04 -0.02 -0.09 -0.16 0.01 0.12 020 0.18
16 0.03 -0.03 -0.09 -0.15 0.01 0.12 0.19 0.17
18 0.02 -0.04 -0.09 -0.14 0.01 0.12 0.19 0.16
20 0.01 -0.04 -0.09 -0.13 0.01 0.11 0.18 0.15
22 0.00 -0.05 -0.09 -0.13 0.01 0.11 0.17 0.14
24 -0.01 -0.05 -0.09 -0.12 0.01 0.10 0.16 0.13
26 -0.02 -0.05 -0.09 -0.12 O.OI 0.10 0.15 0.12
28 -0.02 -0.05 -0.09 -0.11 0.01 0.09 0.14 0.11
30 -0.02 -0.05 -0.09 -0.11 0.01 0.09 0.13 0.10
32 -0.02 -0.05 -0.09 -0.10 0.01 0.08 0.12 0.09
34 -0.02 -0.05 -0.09 -0.10 0.01 0.07 0.11 0.08
36 -0.02 -0.04 -0.09 -0.10 0.01 0.06 0.10 0.07
38 -0.02 -0.04 -0.09 -0.10 0.01 0.06 0.09 0.06
40 -0.01 -0.03 -0.09 -0.10 O.OI 0.05 0.08 0.05
42 0.00 -0.02 -0.09 -0.09 0.01 0.04 0.07 0.04
44 0.01 -0.01 -0.09 -0.09 0.01 0.03 0.06 0.03
46 0.02 0.00 -0.09 -0.09 0.01 0.02 0.06 0.02
48 0.03 0.01 -0.09 -0.09 0.01 0.01 0.05 0.01
50 0.04 0.02 -0.09 -0.09 0.01 0.00 0.04 0.00
52 0.06 0.04 -0.09 -0.10 0.01 -0.01 0.03 -0.01
54 0.07 0.05 -0.09 -0.10 0.01 -0.02 0.02 -0.02
56 0.09 0.07 -0.09 -0.10 0.01 -0.03 0.01 -0.03
58 0.11 0.09 -0.09 -0.10 0.01 -0.05 0.00 -0.04
60 0.13 0.10 -0.09 -0.11 0.01 -0.06 -0.01 -0.05
62 0.16 0.12 -0.09 -0.11 0.01 -0.07 -0.02 -0.06
64 0.18 0.15 -0.09 -0.12 0.01 -0.09 -0.03 -0.07
66 021 0.17 -0.09 -0.12 0.01 -0.10 -0.04 -0.08
68 024 0.19 -0.09 -0.13 O.OI -0.11 -0.05 -0.09
70 027 022 -0.09 -0.13 O.OI -0.13 -0.06 -0.10
72 030 0.24 -0.09 -0.14 0.01 -0.14 -0.07 -0.11
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Table 4.13 Predicted AIL at 4000 fpm, 1-in. liner thickness
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PREDICTED AIL - dB/ft 
4000 fpm
Liner Thickness = 1.00 in.
Diameter
in.
Octave Band Center Frequency - Hz
63 125 250 500 1000 2000 4000 8000
12 0.06 -0.01 -0.05 -0.14 -0.05 0.08 0.16 0.15
14 0.04 -0.02 -0.05 -0.13 -0.05 0.08 0.15 0.14
16 0.03 -0.03 -0.05 -0.12 -0.05 0.07 0.14 0.13
18 0.02 -0.04 -0.05 -0.12 -0.05 0.07 0.13 0.12
20 0.01 -0.04 -0.05 -0.11 -0.05 0.07 0.12 0.11
22 0.00 -0.05 -0.05 -0.10 -0.05 0.06 0.11 0.10
24 -0.01 -0.05 -0.05 -0.10 -0.05 0.06 0.10 0.09
26 -0.02 -0.05 -0.05 -0.09 -0.05 0.05 0.09 0.08
28 -0.02 -0.05 -0.05 -0.09 -0.05 0.05 0.09 0.07
30 -0.02 -0.05 -0.05 -0.09 -0.05 0.04 0.08 0.06
32 -0.02 -0.05 -0.05 -0.08 -0.05 0.03 0.07 0.05
34 -0.02 -0.05 -0.05 -0.08 -0.05 0.03 0.06 0.04
36 -0.02 -0.04 -0.05 -0.08 -0.05 0.02 0.05 0.03
38 -0.02 -0.04 -0.05 -0.07 -0.05 0.01 0.04 0.02
40 -0.01 -0.03 -0.05 -0.07 -0.05 0.00 0.03 0.01
42 0.00 -0.02 -0.05 -0.07 -0.05 -0.01 0.02 0.00
44 0.01 -O.OI -0.05 -0.07 -0.05 -0.02 0.01 -0.01
46 0.02 0.00 -0.05 -0.07 -0.05 -0.02 0.00 -0.02
48 0.03 0.01 -0.05 -0.07 -0.05 -0.03 -0.01 -0.03
50 0.04 0.02 -0.05 -0.07 -0.05 -0.05 -0.02 -0.04
52 0.06 0.04 -0.05 -0.07 -0.05 -0.06 -0.03 -0.05
54 0.07 0.05 -0.05 -0.08 -0.05 -0.07 -0.04 -0.06
56 0.09 0.07 -0.05 -0.08 -0.05 -0.08 -0.04 -0.07
58 0.11 0.09 -0.05 -0.08 -0.05 -0.09 -0.05 -0.08
60 0.13 0.10 -0.05 -0.08 -0.05 -0.10 -0.06 -0.09
62 0.16 0.12 -0.05 -0.09 -0.05 -0.12 -0.07 -0.10
64 0.18 0.15 -0.05 -0.09 -0.05 -0.13 -0.08 -0.11
66 021 0.17 -0.05 -0.10 -0.05 -0.14 -0.09 -0.12
68 024 0.19 -0.05 -0.10 -0.05 -0.16 -0.10 -0.14
70 027 022 -0.05 -0.11 -0.05 -0.17 -0.11 -0.15
72 030 024 -0.05 -0.12 -0.05 -0.19 -0.12 -0.16
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Table 4.14 Predicted AIL at 5000 %m, 2-in. liner thickness
PREDICTED AIL - dB/ft 
5000 fpm
Liner Thickness = 2.00 in.
Diameter
in.
Octave] Band Center Frequency-Hz
63 125 250 500 1000 2000 4000 8000
12 0.07 -0.02 -0.11 -0.19 0.00 0.13 023 0.18
14 0.05 -0.03 -0.11 -0.18 0.00 0.13 022 0.17
16 0.04 -0.04 -0.11 -0.17 0.00 0.13 021 0.16
18 0.03 -0.04 -0.11 -0.17 0.00 0.13 020 0.15
20 0.02 -0.05 -0.11 -0.16 0.00 0.12 0.19 0.14
22 0.01 -0.05 -0.11 -0.15 0.00 0.12 0.18 0.13
24 0.00 -0.05 -0.11 -0.15 0.00 0.11 0.17 0.12
26 0.00 -0.06 -0.11 -0.14 0.00 0.11 0.17 0.11
28 -0.01 -0.06 -0.11 -0.14 0.00 0.10 0.16 0.10
30 -0.01 -0.06 -0.11 -0.13 0.00 0.09 0.15 0.09
32 -0.01 -0.05 -0.11 -0.13 0.00 0.09 0.14 0.08
34 -0.01 -0.05 -0.11 -0.13 0.00 0.08 0.13 0.07
36 -0.01 -0.05 -0.11 -0.12 0.00 0.07 0.12 0.06
38 0.00 -0.04 -0.11 -0.12 0.00 0.07 0.11 0.05
40 0.00 -0.04 -0.11 -0.12 0.00 0.06 0.10 0.04
42 0.01 -0.03 -0.11 -0.12 0.00 0.05 0.09 0.03
44 0.02 -0.02 -0.11 -0.12 0.00 0.04 0.08 0.02
46 0.03 -0.01 -0.11 -0.12 0.00 0.03 0.07 0.01
48 0.04 0.00 -0.11 -0.12 0.00 0.02 0.06 0.00
50 0.05 0.02 -0.11 -0.12 0.00 0.01 0.05 -0.01
52 0.07 0.03 -0.11 -0.12 0.00 0.00 0.05 -0.02
54 0.09 0.04 -O.Il -0.12 0.00 -0.01 0.04 -0.03
56 0.10 0.06 -0.11 -0.13 0.00 -0.03 0.03 -0.04
58 0.12 0.08 -0.11 -0.13 0.00 -0.04 0.02 -0.05
60 0.15 0.10 -0.11 -0.13 0.00 -0.05 0.01 -0.06
62 0.17 0.12 -0.11 -0.14 0.00 -0.06 0.00 -0.07
64 0.19 0.14 -0.11 -0.14 0.00 -0.08 -0.01 -0.08
66 022 0.16 -0.11 -0.15 0.00 -0.09 -0.02 -0.09
68 025 0.18 -0.11 -0.15 0.00 -0.11 -0.03 -0.10
70 028 021 -0.11 -0.16 0.00 -0.12 -0.04 -0.11
72 031 024 -0.11 -0.16 0.00 -0.14 -0.05 -0.12
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Table 4.15 Predicted AIL at 5000 1-in. liner thickness
PREDICTED AIL - dB/ft 
5000 fpm
Liner Thickness = 1.00 in.
Diameter Octave Band Center Frequency - Hz
in. 63 125 250 500 1000 2000 4000 8000
12 0.07 -0.02 -0.07 -0.17 -0.07 0.09 0.18 0.14
14 0.05 -0.03 -0.07 -0.16 -0.07 0.09 0.17 0.13
16 0.04 -0.04 -0.07 -0.15 -0.07 0.08 0.16 0.12
18 0.03 -0.04 -0.07 -0.14 -0.07 0.08 0.15 0.11
20 0.02 -0.05 -0.07 -0.14 -0.07 0.08 0.14 0.10
22 0.01 -0.05 -0.07 -0.13 -0.07 0.07 0.13 0.09
24 0.00 -0.05 -0.07 -0.12 -0.07 0.07 0.12 0.08
26 0.00 -0.06 -0.07 -0.12 -0.07 0.06 0.11 0.07
28 -0.01 -0.06 -0.07 -0.12 -0.07 0.06 0.10 0.06
30 -0.01 -0.06 -0.07 -0.11 -0.07 0.05 0.09 0.05
32 -0.01 -0.05 -0.07 -0.11 -0.07 0.04 0.08 0.04
34 -0.01 -0.05 -0.07 -0.10 -0.07 0.04 0.07 0.03
36 -0.01 -0.05 -0.07 -0.10 -0.07 0.03 0.07 0.02
38 0.00 -0.04 -0.07 -O.IO -0.07 0.02 0.06 0.01
40 0.00 -0.04 -0.07 -O.IO -0.07 0.01 0.05 0.00
42 0.01 -0.03 -0.07 -0.10 -0.07 0.00 0.04 -0.01
44 0.02 -0.02 -0.07 -0.10 -0.07 -0.01 0.03 -0.02
46 0.03 -0.01 -0.07 -0.10 -0.07 -0.02 0.02 -0.03
48 0.04 0.00 -0.07 -0.10 -0.07 -0.03 0.01 -0.04
50 0.05 0.02 -0.07 -0.10 -0.07 -0.04 0.00 -0.05
52 0.07 0.03 -0.07 -0.10 -0.07 -0.05 -0.01 -0.06
54 0.09 0.04 -0.07 -0.10 -0.07 -0.06 -0.02 -0.07
56 0.10 0.06 -0.07 -0.10 -0.07 -0.07 -0.03 -0.08
58 0.12 0.08 -0.07 -0.11 -0.07 -0.08 -0.04 -0.09
60 0.15 0.10 -0.07 -0.11 -0.07 -0.10 -0.05 -0.10
62 0.17 0.12 -0.07 -0.11 -0.07 -0.11 -0.05 -0.11
64 0.19 0.14 -0.07 -0.12 -0.07 -0.12 -0.06 -0.12
66 0.22 0.16 -0.07 -0.12 -0.07 -0.14 -0.07 -0.13
68 025 0.18 -0.07 -0.13 -0.07 -0.15 -0.08 -0.14
70 028 021 -0.07 -0.13 -0.07 -0.16 -0.09 -0.15
72 031 024 -0.07 -0.14 -0.07 -0.18 -0.10 -0.17
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Table 4.16 Predicted AIL at 6000 ^m , 2-in. liner thickness
PREDICTED AIL - dB/ft 
6000 fpm
Liner Thickness = 2.00 in.
Diameter
in.
Octave Band Center Frequency - Hz
63 125 250 500 1000 2000 4000 8000
12 0.08 -0.02 -0.13 -022 -0.02 0.14 025 0.16
14 0.07 -0.03 -0.13 -021 -0.02 0.14 024 0.15
16 0.05 -0.04 -0.13 -020 -0.02 0.14 023 0.14
18 0.04 -0.05 -0.13 -0.19 -0.02 0.13 022 0.13
20 0.03 -0.05 -0.13 -0.19 -0.02 0.13 0.21 0.12
22 0.02 -0.06 -0.13 -0.18 -0.02 0.13 020 0.11
24 0.02 -0.06 -0.13 -0.17 -0.02 0.12 0.19 0.10
26 0.01 -0.06 -0.13 -0.17 -0.02 0.12 0.18 0.09
28 0.01 -0.06 -0.13 -0.16 -0.02 0.11 0.17 0.08
30 0.00 -0.06 -0.13 -0.16 -0.02 0.10 0.16 0.07
32 0.00 -0.06 -0.13 -0.16 -0.02 0.10 0.16 0.06
34 0.00 -0.06 -0.13 -0.15 -0.02 0.09 0.15 0.05
36 0.01 -0.05 -0.13 -0.15 -0.02 0.08 0.14 0.04
38 0.01 -0.05 -0.13 -0.15 -0.02 0.07 0.13 0.03
40 0.01 -0.04 -0.13 -0.15 -0.02 0.07 0.12 0.02
42 0.02 -0.03 -0.13 -0.15 -0.02 0.06 O.II 0.01
44 0.03 -0.03 -0.13 -0.14 -0.02 0.05 O.IO 0.00
46 0.04 -0.02 -0.13 -0.14 -0.02 0.04 0.09 -0.01
48 0.05 0.00 -0.13 -0.15 -0.02 0.03 0.08 -0.02
50 0.07 0.01 -0.13 -0.15 -0.02 0.02 0.07 -0.03
52 0.08 0.02 -0.13 -0.15 -0.02 0.01 0.06 -0.04
54 0.10 0.04 -0.13 -0.15 -0.02 0.00 0.05 -0.05
56 0.12 0.05 -0.13 -0.15 -0.02 -0.02 0.04 -0.06
58 0.14 0.07 -0.13 -0.16 -0.02 -0.03 0.03 -0.07
60 0.16 0.09 -0.13 -0.16 -0.02 -0.04 0.03 -0.08
62 0.18 0.11 -0.13 -0.16 -0.02 -0.05 0.02 -0.09
64 021 0.13 -0.13 -0.17 -0.02 -0.07 0.01 -0.10
66 023 0.15 -0.13 -0.17 -0.02 -0.08 0.00 -0.11
68 026 0.18 -0.13 -0.18 -0.02 -0.10 -0.01 -0.12
70 029 0.20 -0.13 -0.18 -0.02 -0.11 -0.02 -0.13
72 032 023 -0.13 -0.19 -0.02 -0.13 -0.03 -0.14
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Table 4.17 Predicted AIL at 6000 fpm, 1-in. liner thickness
PREDICTED AIL - dB/ft 
6000 fpm
Liner Thickness = 1.00 in.
Diameter
in.
Octave Band Center Frequency - Hz
63 125 250 500 1000 2000 4000 8000
12 0.08 -0.02 -0.08 -0.19 -0.09 0.10 0.19 0.12
14 0.07 -0.03 -0.08 -0.18 -0.09 0.10 0.18 0.11
16 0.05 -0.04 -0.08 -0.18 -0.09 0.09 0.18 0.10
18 0.04 -0.05 -0.08 -0.17 -0.09 0.09 0.17 0.09
20 0.03 -0.05 -0.08 -0.16 -0.09 0.09 0.16 0.08
22 0.02 -0.06 -0.08 -0.16 -0.09 0.08 0.15 0.07
24 0.02 -0.06 -0.08 -0.15 -0.09 0.08 0.14 0.06
26 0.01 -0.06 -0.08 -0.15 -0.09 0.07 0.13 0.05
28 0.01 -0.06 -0.08 -0.14 -0.09 0.07 0.12 0.04
30 0.00 -0.06 -0.08 -0.14 -0.09 0.06 0.11 0.03
32 0.00 -0.06 -0.08 -0.13 -0.09 0.05 0.10 0.02
34 0.00 -0.06 -0.08 -0.13 -0.09 0.05 0.09 0.01
36 0.01 -0.05 -0.08 -0.13 -0.09 0.04 0.08 0.00
38 0.01 -0.05 -0.08 -0.13 -0.09 0.03 0.07 -0.01
40 0.01 -0.04 -0.08 -0.12 -0.09 0.02 0.06 -0.02
42 0.02 -0.03 -0.08 -0.12 -0.09 0.01 0.06 -0.03
44 0.03 -0.03 -0.08 -0.12 -0.09 0.00 0.05 -0.04
46 0.04 -0.02 -0.08 -0.12 -0.09 -0.01 0.04 -0.05
48 0.05 0.00 -0.08 -0.12 -0.09 -0.02 0.03 -0.06
50 0.07 0.01 -0.08 -0.12 -0.09 -0.03 0.02 -0.07
52 0.08 0.02 -0.08 -0.12 -0.09 -0.04 0.01 -0.08
54 0.10 0.04 -0.08 -0.13 -0.09 -0.05 0.00 -0.09
56 0.12 0.05 -0.08 -0.13 -0.09 -0.06 -0.01 -0.10
58 0.14 0.07 -0.08 -0.13 -0.09 -0.07 -0.02 -0.12
60 0.16 0.09 -0.08 -0.14 -0.09 -0.09 -0.03 -0.13
62 0.18 0.11 -0.08 -0.14 -0.09 -0.10 -0.04 -0.14
64 0.21 0.13 -0.08 -0.14 -0.09 -0.11 -0.05 -0.15
66 0.23 0.15 -0.08 -0.15 -0.09 -0.13 -0.06 -0.16
68 026 0.18 -0.08 -0.15 -0.09 -0.14 -0.07 -0.17
70 0.29 020 -0.08 -0.16 -0.09 -0.16 -0.07 -0.18
72 0.32 023 -0.08 -0.17 -0.09 -0.17 -0.08 -0.19
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The average and standard deviation of AIL for each set o f equal internal duct 
diameters equal liner thickness and at the same airflow rate were calculated in each 
octave band center frequency. These values are given in Appendix D as Tables D.9 
through D.56. Average and predicted AIL values for the 12 and 20 in internal duct 
diameters were plotted at each of the octave center frequency bands and for the I-in. and 
2 in. liner thickness. They are shown in figures 4.11 through 426. These plots give a 
comparison between actual results and predicted values of the difference in the insertion 
loss (AIL) between airflow and no flow conditions at each of the octave band center 
frequencies. These plots also show the effect of the airflow rate and liner thickness on the 
predicted AIL at each of the octave band center frequencies. The effect of the liner 
thickness on the predicted AIL values was minimal at low frequencies, being slightly 
significant at the high frequencies (above 1000 Hz). These variations were less than 0.1 
dB/ft, which in terms of acoustical attenuation are negligible. Average and standard 
deviation and predicted AIL values were plotted as a function of airflow velocity at each 
of the octave band center frequencies and for each duct size. At the low and middle range 
fiequencies (except at the 63 Hz), the predicted AIL curve has a slightly negative slope, 
which indicates the AIL decrease as the airflow rate increase. At the high fiequencies 
(ov^ 1000 Ik ), the opposite to this take effect, the slope of the predicted AIL curve 
become positive which indicate that the AIL increase as the airflow rate does. These 
variations were small (0.15 dB/ft or less), being greater at the 500 Hz. Therefore it was 
concluded that the predicted dynamic insertion loss at each o f the octave center frequency 
bands will vary slightly with respect to the predicted msertion loss as the air fiow rate
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changes. Two plots o f the average and standard deviation and predicted AIL against 
airflow rates at the 63 Hz for the 12-in. internal duct diameter are shown in Figures 427 
and 428. The rem a in in g  plots for each o f the octave band center frequencies are given in 
Appendix E. Figures 426, 427 and 428 show large deviations on the calculated AIL at 
low frequencies for the 12 in. internal duct diameter and for airflow rates over 4000 fpm. 
These large deviations were caused by airflow turbulence.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
55
Average and Predicted AIL - 63 Hz Octave Band 
12 in. Duct Dia. -1 in. and 2 in. Duct Liner
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Figure 4.11 Average and Predicted AIL at 63 Hz, 12-in. diameter
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Average and Predicted AIL -125 Hz Octave Band 
12 in. Duct Dia. - 1 in. and 2 in. Duct Liner
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Figure 4.12 Average and Predicted AIL at 125 Hz, 12 in. diameter
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Average and Predicted AIL - 250 Hz Octave Band 
12 in. Duct Dia. -1 in. and 2 in. Duct Liner
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Figure 4.13 Average and Predicted AIL at 250 Hz, 12 in. diameter
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Average and Predicted AIL - 500 Hz Octave Band 
12 in. Duct Dia. -1 in. and 2 in. Duct Liner
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Figure 4.14 Average and Predicted AIL at 500 12 in. diameter
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Average and Predicted AIL -1000 Hz Octave Band 
12 in. Duct Dia. -1  in. and 2 in. Duct Liner
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Figure 4.15 Average and Predicted AIL at 1000 Hz, 12 in. diameter
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Average and Predicted AIL - 2000 Hz Octave Band 
12 in. Duct Dia. -1 in. and 2 in. Duct Liner
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Figure 4.16 Average and Predicted AIL at 2000 Hz, 12 in. diameter
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Average and Predicted AIL - 4000 Hz Octave Band 
12 in. Duct Dia. -1 in. and 2 in. Duct Liner
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Figure 4.17 Average and Predicted AIL at 4000 Hz, 12 in. diameter
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Average and Predicted AIL - 8000 Hz Octave Band 
12 in. Duct Dia. - 1 in. and 2 in. Duct Liner
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Figure 4.18 Average and Predicted AIL at 8000 Hz, 12 in. diameter
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Average and Predicted AIL - 63 Hz Octave Band 
28 in. Duct Dia. -1 in. and 2 in. Duct Liner
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Figure 4.19 Average and Predicted AIL at 63 Ez, 28 in. diameter
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Average and Predicted AIL -125 Hz Octave Band 
28 in. Duct Dia. -1 in. and 2 in. Duct Liner
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Figure 420 Average and Predicted AIL at 125 Hz, 28 in. diameter
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Average and Predicted AIL - 250 Hz Octave Band 
28 in. Duct Dia. -1 in. and 2 in. Duct Liner
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Figure 421 Average and Predicted AIL at 250 Hz» 28 m. diameter
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Average and Predicted AIL - 500 Hz Octave Band
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Figtue 4.22 Average and Predicted AIL at 500 Hz, 28 in. diameter
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Average and Predicted AIL -1000 Hz Octave Band 
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Figure 4.23 Average and Predicted AIL at 1000 Hz, 28 in. diameter
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Average and Predicted AIL - 2000 Hz Octave Band 
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Figure 424 Average and Predicted AIL at 2000 Hz, 28 m. diameter
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Average and Predicted AIL - 4000 Hz Octave Band
28 in. Duct Dia. -1  in. and 2 in. Duct Liner
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Figure 4.25 Average and Predicted ATT, at 4000 Hz, 28 m. diameter
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Average and Predicted AIL - 8000 Hz Octave Band
28 in. Duct Dia. -1 in. and 2 in. Duct Liner
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Figure 4.26 Average and Predicted AIL at 8000 Hz, 28 m. diameter
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AIL Average and SD -  63 Hz Octave Band 
12 In. Duct Dia. -1  in. Duct Liner
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Figure 4.27 Average and predicted AIL at 63 Hz, 12 in diameter, 1 in. thickness.
AIL Average.and SD - 63 Hz Octave Band 
12 in. Duct Dia. -  2  in. Duct Liner
1.0
as
•o
ao( "
«
<
415
•  s iL m w ig aM S O
- 1.0
3000 40001000 5000 70000 2000 8000
Air Flew Veiocity-ft/min
Figure 428 Average and predicted AIL at 63 12-in. diameter, 2 in. thickness.
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CHAPTERS
CONCLUSIONS
The following conclusions have been extracted from this research on the acoustic 
performance of spiral dual-wall circular lined ducts. These conclusions were drawn after 
interpreting the results presented in Chapter 4.
• At low and middle range frequencies, fiberglass lined circular ducts with a 2 in. liner 
thickness provided greater insertion loss than those with a 1 in. liner thickness. At 
high frequencies this difterence became insignificant (less than 1 dB); it yielded to 
the conclusion that difference in liner thickness had no effect on the insertion loss at 
high frequencies.
• Predicted insertion loss values of the fiberglass lined circular ducts are directly 
dependent on the duct size and thickness at the low and middle range frequencies and 
only duct size dependent at the high frequencies (above 1000 Hz), hicreasing the duct 
size provides lesser insertion loss.
•  Fiberglass lined circular ducts offered better sound attenuation at the high and middle 
frequencies than at low frequencies.
• The predicted insertion loss agreed well with, the measured insertion loss, except at 
the 63 Hz octave center frequency band. It was suspected the presence o f standing 
waves at the low frequency, which were originating the acoustic pressure level 
fluctuations.
72
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• Insertion loss regression equations at each o f the octave band frequencies from 63 Hz 
to 8000 Hz will predict good approximation values on the studied size ducts from 12 
through 72 in. However care should be taken in using them to extrapolate values 
beyond the studied range.
• At high frequencies (above 1000 Hz) fiberglass lined circular ducts with a 2 in. liner 
thickness provided an insignificant increase on the dynamic insertion loss compared 
to those with a 1 in liner thickness. Predicted dynamic insertion loss values agreed 
well with this statement.
•  At low and middle frequencies (except at the 63 Hz), the difference in insertion loss 
(AIL) for a given internal duct diameter had a slightly decrement as the airflow rate 
increased. At the high frequencies (above 1000 Hz), this effect was reversed, AIL 
increased as airflow rate increased. The same pattern was repeated on each duct size.
• At each airflow rate the predicted dynamic insertion loss decreased as the duct 
diameter o f the fiberglass lined circular ducts was increased, except at the 63 Hz and 
125 Hz and for size diameters over 40 inches.
• It was concluded that the predicted dynamic insertion loss at each of the octave band 
center frequencies would vary slightly with respect to the insertion loss as the airflow 
rate change.
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APPENDIX A
AIRFLOW REGRESSION EQUATIONS 
The airflow regression equations for the prediction of the center airflow velocities 
(maximum airflow velocity) for each duct size were obtained by means of the 
TableCurve, computer software for curve fitting. Linear regression was conducted on the 
measured airflow data. Regression curves generated by the TableCurve are shown in 
figures A. I through A.6. Regression equations are inserted into these figures.
74
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1 J  ;n L ' J i a f n e i t r r  C a i i C r a t i u d  C i i r v e
Figure A.1 Airflow Regression Curve, 12 in. Duct Diameter
j  in [ j L i n i t ' t ' - r  u n i i h f a t i o n  C m v f
Figure A 2  Airflow Regression Curve, 20 m. Duct Diameter
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Figure A3 Airflow Regression Curve, 28 in. Duct Diameter
Figure A.4 Anflow Regression Curve, 36 u l Duct Diameter
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Figure A.5 AM ow Regression Curve, 42 in. Duct Diameter
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Figure A.6 AMIow Regression Curve, 48 in. Duct Diameter
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APPENDIX B
INSERTION LOSS RAW DATA 
Sound pressure levels for each of the fiberglass circular lined ducts were 
measured and saved in a Real Time Frequency Analyzer, data files were transferred to 
the computer program given in Appendix F to generate the insertion loss reports. The 
sound pressure levels in the reverberation room were measured at the 1/3-octave center 
frequency bands. The reports provided the measured insertion loss at the 1/3 and l/I 
octave center frequency bands. Measured insertion loss at the I/l-octave center frequency 
bands was used as the raw data on the multi-variable regression analysis.
These reports are shown in tables B .l through B.12.
78
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Table B .l Insertion Loss Raw Data, 12 in. Duct Diameter, 1 in. Liner Thickness
Insertion Loss Measurements for the 12 in. Duct Diameter 
1 in. Liner Thickness
-dB/ft
1/3 Octave Band readings
Freq. Manufacturer
Hz A B C D E F
50 0.9 0.1 2.7 0.7 3.4 3.5
63 -12 -1.3 1.5 -1.8 03 1.7
80 0.8 0.4 0.1 -02 0.8 0.9
100 0.8 0.6 0.4 0.5 0.8 2
125 1.6 1.6 3.0 2.3 1.9 4.4
160 3.3 3.3 3.8 3.1 3.0 5
200 5 5.1 42 4 2 4.4 5.6
250 8.4 9.6 8.1 7.4 6.0 9.1
315 10.4 11.8 10.8 9.6 83 10.8
400 13.9 15.0 14.8 12.8 12.2 13.9
500 22 22.5 24.8 20.4 18.7 19.8
630 30.7 29.9 34.9 26.8 282 25.1
800 39.3 392 43.0 342 37.9 35.4
1000 40.5 402 41.4 37.7 41.3 40.6
1250 35.1 34.8 35.0 34 33.6 362
1600 32.7 32.0 322 32.1 33.5 33.8
2000 33.7 32.7 332 33 35.4 34.6
2500 31.7 335 352 35.1 372 36.4
3150 24.4 262 28.6 27.6 29.4 29.5
4000 18.1 202 21.9 19.5 19.2 21.9
5000 182 18.0 18.7 17 17.8 19.6
6300 16.1 14.7 15.0 14.1 16.1 16
8000 14.5 12.3 12.6 11.5 13.8 13.8
10000 11.9 102 10.0 9 12.4 11.7
1/1 Octave band readings
63 0.3 -0.1 1.1 -0.3 1.5 1.7
125 22 2 2 2.8 2.3 1.8 4.2
250 8.5 93 82 7.6 5.6 9.0
500 15.9 16.9 16.8 14.7 15.6 15.7
1000 373 37.1 38.1 34.7 36.5 36.5
2000 32.6 32.6 332 33.0 35.1 34.6
4000 20.7 21.9 233 21.5 21.6 233
8000 153 135 13.7 12.7 15.0 14.9
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Table B 2 Insertion Loss Raw Data, 12 in. Duct Diameter, 2 in. Liner Thickness
Insertion Loss Measurements for the 12 in. Duct Diameter 
2 in. Liner Thickness
-dB/ft
1/3 Octave Band readings
Freq. Manufacturer
Hz A B C D E F
50 3.8 2.5 2.3 2.3 23 4
63 1.1 12 1.4 -0.1 1.9 2.5
80 32 0.2 1.7 1.9 2.4 3
100 3.7 1.4 3.4 2.4 22 4.5
125 6.6 5.1 63 4.7 42 7.4
160 9 6.6 8.5 6.6 5.8 9.5
200 11.9 83 12.4 8.8 7.9 11.7
250 21.5 14.5 20.8 14.9 11.6 18.5
315 22.8 18.8 292 20.4 16.8 22.5
400 26.3 24.7 35.8 272 23.4 27.3
500 33 35.5 38.8 34.3 29.0 34.2
630 41.6 43.3 46.7 38.6 36.8 43.1
800 34.5 452 442 36.5 41.9 40.7
1000 41.4 41.7 40.1 40.3 41.6 412
1250 35.9 35.3 35.1 34.5 34.0 35.8
1600 33.7 32.4 32.1 322 33.5 33.7
2000 33 32.8 32.9 32.7 33.9 33.7
2500 27.6 29.4 34.1 29.4 28.6 292
3150 23 23.3 28.7 23.4 24.3 23.5
4000 20.1 18.8 23.1 19.8 16.8 20.1
5000 19.6 17.2 19.7 18 16.6 19.1
6300 16.9 14.7 15.5 15.3 162 16.9
8000 14.9 12.4 12.9 13.3 14.1 142
10000 122 102 102 10.7 12.5 12
1/1 Octave band readings
63 2.8 1.0 1.8 1.5 2.5 3 2
125 6.9 4.8 6 3 5.0 3.8 7.6
250 18.3 13.9 192 14.6 10.1 17.5
500 282 26.7 373 29.0 26.6 292
1000 35.9 38.6 38.1 36.1 37.8 382
2000 30.8 31.4 32.8 31.3 31.3 31.8
4000 21.4 20.4 242 21.0 19.3 21.5
8000 15.8 13.6 14.1 142 152 15.5
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Table B.3 Insertion Loss Raw Data, 20 in. Duct Diameter, 1 in. Liner Thickness
Insertion Loss Measurements for the 20 in. Duct Diameter 
1 in. Liner Thickness
-dB/ft
1/3 Octave Band readings
Freq. Manufacturer
Hz A B C D E F
50 -2.1 -22 -0.4 -1.9 -0.7 -2.0
63 -0.4 -1.6 -1.1 -1.7 -1.1 0.0
80 1.6 0.9 0.9 0.6 0.6 1.6
100 12 1.4 1.9 1.6 1.5 1.9
125 02 -0.1 0.5 0.1 0.0 I.O
160 1.8 1.1 1.5 1.7 1.6 2.4
200 3.6 3.1 2.7 2.8 2.7 4 2
250 5.5 4.7 4.4 4 3 4.0 5.5
315 6.9 6 2 6.4 6.5 5.5 7.6
400 9.5 9.0 9.6 93 7.8 9.4
500 19.9 18.9 21.1 18.6 18.3 16.8
630 22.9 23.7 252 19.5 21.6 182
800 31.9 38.5 37.9 26.9 30.8 262
1000 34.4 41.0 41.3 332 382 29.0
1250 33.3 362 37.4 332 36.0 30.1
1600 27.6 27.8 31.1 29.9 30.9 273
2000 20.9 21.0 22.8 23.7 23.4 22.9
2500 18.6 18.8 20.5 20.0 20.4 19.8
3150 18.5 182 20.1 19.4 19.8 19.0
4000 17.6 18.4 19.7 18.6 192 18.5
5000 15.7 16.6 17.9 16.3 173 16.6
6300 15.9 16.0 17.7 15.7 17.1 15.6
8000 17.7 16.9 17.0 15.9 16.6 15.0
10000 15.6 14.8 15.6 13.3 15.0 142
1/1 Octave band readings
63 02 -0.5 0.0 -0.6 -02 0.4
125 1.1 0.9 1.4 12 1.1 1.8
250 5.5 4.8 4.6 4.7 4 2 5.9
500 143 13.7 14.6 13.8 12.6 13.4
1000 33.0 37.6 382 302 33.9 283
2000 20.7 20.9 22.7 22.5 22.8 22.0
4000 17.6 18.0 19.5 18.5 19.1 183
8000 16.7 162 173 15.8 16.8 153
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Insertion Loss Measurements for the 20 in. Duct Diameter 
2 in. Liner Thickness
-dB/ft
1/3 Octave Band readings
Freq. Manufacturer
Hz A B C D E F
50 -12 -2.2 -0.8 -1.1 -0.4 -12
63 -0.5 -0.4 12 0.5 0.6 -0.3
80 2.4 22 1.3 1.0 12 3.0
100 2.9 1.5 22 2.4 2.5 3.3
125 2.9 1.6 3.6 2.8 3.0 3.0
160 4.7 3.4 5.9 3.7 4.0 5.1
200 8.5 6.0 8.9 6.4 5.9 8.3
250 13.7 8.5 14.1 10.0 10.4 11.0
315 17.4 10.9 18.7 13.5 14.3 14.4
400 22.2 21.7 26.5 18.0 172 18.8
500 31.6 37.8 39.4 27.1 282 32.1
630 40.0 43.9 46.0 32.6 34.7 38.7
800 38.1 39.2 42.0 33.6 34.9 40.9
1000 37.9 41.6 42.7 39.1 402 38.4
1250 29.5 34.9 35.9 32.8 32.3 31.3
1600 21.3 26.9 28.0 23.5 22.9 22.4
2000 17.5 21.0 21.9 18.9 18.4 182
2500 16.8 19.7 20.3 17.7 17.1 17.3
3150 17.0 19.5 19.6 17.9 16.7 17.3
4000 17.6 20.2 20.3 18.0 17.3 17.6
5000 17.1 18.4 182 16.6 16.0 17.1
6300 17.9 18.7 17.9 16.8 16.8 17.6
8000 17.6 19.5 18.1 17.4 17.6 17.6
10000 15.5 172 15.5 14.8 152 16.0
1/1 Octave band readings
63 0.7 0.4 0.9 0.5 0.7 1.0
125 3.4 2.1 3.5 2.9 3.1 3.7
250 12.7 83 132 9.8 9.8 112
500 26.9 27.1 31.7 22.6 22.1 24.0
1000 32.1 36.9 38.1 33.9 34.0 33.9
2000 18.0 21.4 22.1 192 18.6 18.7
4000 172 19.5 19.6 17.7 16.8 17.4
8000 17.8 18.S 18.0 17.1 16.9 17.6
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Table B.5 Insertion Loss Raw Data, 28 in. Duct Diameter, 1 in. Liner Thickness
Insertion Loss Measurements for the 28 in. Duct Diameter 
1 in. Liner Thickness
-dB/ft
1/3 Octave Band readings
Freq. Manufacturer
Hz A B C D E F
50 0.9 -0.3 -0.6 1.6 12 0.5
63 0 2 0.7 2 1.3 2 2 0.5
80 -0.4 0.4 -0.4 -0.1 -0.5 12
100 1 -0.4 -02 1 1.1 1.3
125 2.1 0.7 1.6 1.5 2.6 1.3
160 2.3 1.4 2.6 22 2 2 2.1
200 2.2 22 2.6 2.4 2.1 2.7
250 3.5 3.1 3.7 3.6 3.6 3.5
315 5.4 42 5.4 52 5 5.2
400 9.4 102 10.1 9 9.2 9
500 14.5 18.9 16.2 12.8 14.6 12.6
630 17 252 21.7 152 18.1 14.5
800 19.4 27.6 25.4 17.7 20.5 16.8
1000 24.1 28.4 30.3 23.2 25.9 21.6
1250 22.6 242 26.2 22.9 242 212
1600 20.6 21.5 22.7 21.4 21.7 20.1
2000 182 18.8 19.6 18.5 18.9 18.8
2500 20.5 21.8 22.2 21.6 22 21
3150 17.4 18.4 18.6 18.2 18.7 18
4000 16.7 19 18.7 182 19 17.7
5000 14.9 18.1 17.5 16.7 18 16.3
6300 14.1 17.9 16.6 15.5 17.1 15.3
8000 14.7 17.1 15.5 14.5 16.3 14.7
10000 12.8 14 132 12.1 14.1 12.9
1/1 Octave band readmgs
63 0 2 0.3 0.4 0.8 0.9 0.7
125 1.8 0.6 12 1.6 2 1.5
250 4.1 3.5 4 2 4.1 3.9 4.1
500 11.7 132 12.8 10.9 11.6 10.8
1000 212 25.8 262 202 22.6 19
2000 19.8 20.8 21.5 20.6 21 202
4000 16.7 18.5 18.4 17.9 18.6 17.6
8000 14.1 172 16.1 15.1 16.7 15
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Table B.6 Insertion Loss Raw Data, 28 in. Duct Diameter, 2 in. Liner Thickness
Insertion Loss Measurements for the 28 in. Duct Diameter 
2 in. Liner Thickness
-dB /ft
1/3 Octave Band readings
Freq. Manufacturer
Hz A B C D E F
50 0.5 1.1 0.7 1.5 1.4 03
63 1.5 2 0.8 0.7 2.4 1.6
80 0.7 0.5 13 0.9 -02 1.5
100 1.4 0.8 2.7 1.7 1.3 12
125 2.6 2.9 3.6 23 3.1 1.9
160 4.4 3.5 4.6 3.4 4 3.7
200 7.6 4.2 6.9 6.3 5 5.9
250 11.1 5.8 11.7 9.4 9.4 7.5
315 14 11 173 11.8 12.7 9.9
400 21.6 24.1 27.1 17.8 18.3 16.2
500 31.6 34.7 34.7 26.4 27.8 24.7
630 35.1 38.6 38.3 31.2 32 282
800 31.4 37.7 372 31.6 30.6 27.7
1000 23.3 28.1 29 24.5 24.5 25.1
1250 20.1 23.7 24.7 21.4 21.1 21.6
1600 17.9 20.7 22.2 19 18.5 18.8
2000 162 18.8 202 16.9 16.7 16.6
2500 192 22 24 19.9 19.9 19.5
3150 16.9 19.1 20.9 17.3 17.4 16.9
4000 16.7 19.7 21.5 17.2 17.8 173
5000 15.9 18.9 20.6 16.4 17.3 17.1
6300 15.3 18.8 20.5 16.3 17.4 17.6
8000 14.7 17.7 19.6 15.4 16.5 173
10000 122 15.1 16.9 12.7 13.9 14
i/1 Octave band readings
63 0.9 12 0.9 03 1.1 12
125 2.8 2.4 3.6 2.5 2.8 2 2
250 11.4 7.4 12 9.7 9.4 82
500 24.7 273 29.8 20.8 21.4 19.1
1000 22.6 26.4 27.3 23.8 233 23.6
2000 18 20.7 22.5 18.8 18.6 18.5
4000 16.6 192 21 I7.I 173 17
8000 15 183 20 15.9 17 173
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table B.7 Insertion Loss Raw Data, 36 in. Duct Diameter, 1 in. Liner Thickness
85
Insertion Loss Measurements for the 36 in. Duct Diameter
I in. Liner Thickness
-dB/ft
1/3 Octave Band readings
Freq. Manu&cturer
Hz A B C D E F
50 -22 -2.9 0.4 -2.1 03 -2.0
63 -1.8 -1.4 -0.5 -1.7 -0.1 -0.8
80 2.0 1.1 0.6 1.5 1.0 1.7
100 0.7 0.5 1.3 1.3 12 2.0
125 -0.3 0.0 2.0 0.3 1.0 1.5
160 0.5 0.6 1.7 0.9 1.5 2.9
200 2 2 2.1 1.8 2.6 2.1 4.6
250 3.5 3.4 3.7 4.0 2.7 6.7
315 4.3 4 2 4.8 4.7 4.4 9.0
400 7.9 9.3 8.8 8.3 8.1 142
500 11.1 16.5 13.1 11.5 11.6 18.4
630 11.6 16.7 14.1 12.0 12.4 17.0
800 16.3 23.4 20.7 16.5 18.1 222
1000 16.6 20.0 19.3 17.0 18.7 18.0
1250 162 17.4 172 16.5 17.8 16.0
1600 18.8 202 19.5 192 20.4 18.0
2000 16.5 173 172 17.1 17.8 15.6
2500 18.8 20.2 19.6 19.7 20.7 18.0
3150 17.4 19.7 18.7 18.8 19.3 16.8
4000 16.1 20.1 18.8 18.6 193 17.6
5000 14.5 20.8 18.6 17.8 18.9 183
6300 11.2 183 15.7 14.5 153 16.7
8000 11.8 16.6 13.8 12.6 13.9 15.1
10000 11.6 16.7 13.1 12.0 13.1 14.0
1/1 Octave band readings
63 -02 -0.6 0 2 -03 0.5 0.1
125 03 0.4 1.7 0.8 12 2.1
250 3.6 3.5 3.8 4.1 3.4 7 2
500 9.4 11.9 10.7 9.8 9.8 153
1000 16.3 18.8 18.3 16.6 18.0 17.4
2000 182 19.4 19.0 18.9 193 17.4
4000 16.4 20.0 18.7 18.6 192 173
8000 11.5 17.8 14.7 133 14.8 15.9
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Table B.8 Insertion Loss Raw Data, 36 in. Duct Diameter, 2 in. Liner Thickness
Insertion Loss Measurements for the 36 in. Duct Diameter 
2 in. Liner Thickness
-dB/ft
1/3 Octave Band readings
Freq. Manufacturer
Hz A B C D E F
50 -1.7 -1.6 -1.4 0.8 -1.6 -1.5
63 -0.7 -22 -1.0 0.4 -12 -0.9
80 1.9 1.2 1.9 1.6 2.0 0.9
100 1.9 0.9 2.1 1.8 1.9 0.7
125 1.9 0.5 2.3 2.1 1.4 0.8
160 3.5 1.6 3.4 32 2.9 12
200 5.6 2.9 6.1 5.1 4.8 2.9
250 9.7 6.3 11.1 8.7 8.6 3.4
315 13.8 10.9 15.6 112 10.7 4.5
400 21.0 20.3 24.7 16.9 17.0 7.4
500 24.8 28.1 33.6 23.7 22.7 9.8
630 20.9 24.6 30.4 222 20.4 10.4
800 24.7 28.0 28.8 26.7 25.1 142
1000 17.3 18.8 202 18.5 182 14.5
1250 15.4 16.4 17.7 16.5 15.9 15.9
1600 17.4 18.8 20.0 18.4 18.1 18.7
2000 15.7 16.7 17.5 162 16.1 16.8
2500 17.7 19.6 20.5 18.6 18.4 193
3150 16.7 18.9 19.5 18.0 17.8 18.4
4000 17.6 19.6 19.8 18.5 18.4 18.0
5000 18.1 20.3 202 19.1 19.0 17.0
6300 14.8 17.6 172 16.1 16.8 13.8
8000 14.0 15.4 15.4 13.9 14.5 12.6
10000 12.8 14.8 14.1 11.9 13.1 12.4
1/1 Octave band readmgs
63 03 -0.5 02 1.1 0.2 -O.I
125 23 I.O 2.5 23 2.0 0.9
250 10.0 7.0 11.0 8.8 8.5 3.8
500 22.1 22.7 27.4 193 19.0 8.6
1000 16.9 18.1 19.4 18.1 173 15.1
2000 17.1 18.7 19.6 17.9 17.8 183
4000 172 193 19.7 183 182 18.0
8000 14.4 16.7 163 14.9 15.8 132
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Table B.9 Insertion Loss Raw Data, 42 in. Duct Diameter, I in. Liner Thickness
Insertion Loss Measurements for the 42 in. Duct Diameter 
1 in. Liner Thickness
-dB/ft
1/3 Octave Band readings
Freq. Manufacturer
Hz A B C D E F
50 12 0.1 -03 0.6 1.0 0.8
63 03 0.6 03 0.5 0.9 13
80 0.5 1.0 0.8 0.9 -0.5 -0.1
100 0.4 0.9 03 0.7 0.4 03
125 0.6 0.6 0.7 12 0.8 1.0
160 0.7 1.1 0.7 1.0 1.1 12
200 2.2 1.8 2.1 2.4 2.0 2.1
250 2.9 2.6 2.4 2.9 2.5 3.0
315 43 3.7 4.1 4.3 3.6 42
400 82 103 7.5 7.6 7.6 7.5
500 93 12.8 92 8.6 9 2 8.7
630 10.1 13.7 11.1 9.4 10.1 8.7
800 12.1 15.9 13.4 12.3 12.8 11.0
1000 13.7 15.9 15.0 13.6 13.8 12.1
1250 15.4 16.4 162 15.4 15.7 13.8
1600 18.8 19.8 19.7 18.4 192 16.9
2000 15.2 16.3 162 153 15.9 15.0
2500 15.4 16.8 163 15.6 16.3 15.4
3150 14.0 15.6 15.0 14.3 14.8 14.3
4000 13.4 16.4 152 14.5 14.8 13.9
5000 122 163 14.8 13.7 14.3 13.3
6300 9.8 14.0 11.7 10.5 10.7 10.0
8000 9.5 12.0 10.0 8.9 9.1 8.7
10000 83 10.8 9.0 7.7 8 2 7.9
1/1 Octave band readings
63 0.7 0.6 0.3 0.7 0.3 0.6
125 0.5 0.8 0.5 0.9 0.7 0.7
250 2.9 2 3 2.7 3.0 2.6 2.9
500 9.1 12.0 8.8 8.4 8.8 83
1000 13.6 16.1 14.8 13.7 143 12.5
2000 15.7 17.0 16.8 15.9 163 15.5
4000 13.4 16.0 15.0 14.3 14.7 14.0
8000 9.7 13.1 10.8 9.7 10.0 93
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Table B.IO Insertion Loss Raw Data, 42 in. Duct Diameter, 2 in. Liner Thickness
Insertion Loss Measurements for the 42 in. Duct Diameter 
2 in. Liner Thickness
-dB/ft
1/3 Octave Band readings
Freq. Manufacturer
Hz A B C D E F
50 13 0.8 1.4 1.0 -0.1 0.5
63 1.0 0.3 0.8 0.5 0.5 0.8
80 1.6 1.1 0.9 1.6 1.1 12
100 13 1.1 1.4 1.1 1.1 1.5
125 2.1 1.5 2.1 2.1 1.8 2.1
160 3.1 1.7 2.6 2.9 2 2 3.1
200 5.7 3 2 5.3 5.7 5.1 5.9
250 9 2 5.1 8.5 7.7 7.9 8.5
315 12.8 10.2 13.7 9.4 9.5 11.6
400 19.0 20.7 242 17.4 17.0 17.6
500 18.6 20.9 23.0 17.9 17.5 16.9
630 15.6 18.5 19.2 15.8 15.6 15.0
800 162 18.0 18.5 17.0 16.5 16.0
1000 14.6 16.9 16.4 15.4 15.1 14.5
1250 14.5 16.7 162 15.6 15.4 14.4
1600 18.1 20.1 19.4 18.9 18.7 17.9
2000 13.9 16.0 15.3 14.6 14.7 14.0
2500 14.3 16.9 15.8 14.9 152 14.4
3150 13.5 15.8 14.8 13.8 14.3 13.6
4000 14.3 16.7 15.5 14.5 15.1 14.4
5000 14.6 16.6 15.5 15.1 15.4 15.2
6300 11.3 14.0 12.7 12.1 12.7 13.0
8000 10.1 11.7 10.7 102 10.9 11.1
10000 8.9 10.6 92 8.8 9.3 9.6
l/I  Octave band readings
63 1.4 0.8 1.0 1.1 0.6 0.9
125 1.8 13 1.8 1.7 1.5 1.9
250 7.9 5.0 7.6 7.1 6.8 7.8
500 182 20.5 22.5 17.4 17.1 16.8
1000 15.0 172 16.9 16.0 15.7 14.9
2000 14.6 17.0 16.1 153 15.5 14.7
4000 13.9 162 152 142 14.7 14.1
8000 10.7 13.0 11.6 11.1 II.8 12.0
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Table B11 Insertion Loss Raw Data, 48 in. Duct Diameter, I in. Liner Thickness
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Insertion Loss Measurements for the 48 in. Duct Diameter 
I in. Liner Thickness
-dB/ft
1/3 Octave Band readings
Freq. Manufacturer
Hz A B C D E F
50 0.0 0.1 -0.8 0.0 0 2 02
63 -0.6 0.6 0.4 0.4 0.3 1.1
80 0.8 1.0 0.9 1.1 0.8 1.5
100 -03 0.1 0.4 0.4 -02 02
125 1.0 0.9 0.9 0.8 0.6 1.1
160 12 1.3 1.1 13 1.1 12
200 1.8 2.1 22 2.1 1.9 2.1
250 2.4 2.1 2.8 2.9 2.4 2.9
315 4.0 4.0 4.1 43 3.9 4.1
400 6.8 9.1 7.1 73 7.1 6.5
500 9.3 11.5 102 8.9 9.0 8.0
630 92 12.6 10.4 9.4 9.8 7.8
800 10.0 11.9 113 102 10.2 8.6
1000 12.7 16.0 15.0 13.5 14.2 11.0
1250 15.0 17.0 17.4 15.9 16.5 13.6
1600 17.4 202 20.0 18.5 192 15.1
2000 14.1 162 15.7 15.6 15.3 14.1
2500 14.6 17.1 16.6 16.1 15.9 14.6
3150 15.0 18.3 17.6 16.7 16.6 15.6
4000 14.0 18.9 17.9 16.6 16.4 15.6
5000 12.7 18.3 16.5 15.1 15.0 14.4
6300 10.5 15.5 13.0 12.1 12.0 11.4
8000 10.1 132 10.6 102 10.6 9.7
10000 8.7 10.1 7.7 8.7 83 8.9
1/1 Octave band readmgs
63 0 2 0.6 0 2 0.6 0.5 1.0
125 0.4 0.6 0.7 0.7 0.3 0.7
250 2.5 2.6 23 2.9 2.6 2.9
500 8.3 10.7 9.0 8.4 8.4 7.4
1000 12.0 14.2 13.7 12.5 12.7 10.6
2000 143 173 16.8 16.4 162 143
4000 14.1 18.5 17.5 163 162 153
8000 103 14.1 11.6 11.0 112 10.5
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Table B.12 Insertion Loss Raw Data, 48 in. Duct Diameter, 2 in. Liner Thickness
Insertion Loss Measurements for the 48 in. Duct Diameter 
2 in. Liner Thickness
-dB /ft
1/3 Octave Band readings
Freq. Manufacturer
Hz A B C D E F
50 0.5 -0.4 0.0 03 -03 0.1
63 1.1 0.0 0.0 0.7 0.7 0.4
80 1.9 1.3 1.4 1.7 1.9 1.1
ICO 0.7 0.3 0.6 0.7 0.5 0.8
125 2 2 12 12 1.4 1.9 1.9
160 3.2 1.8 2.6 2.8 2.8 2.8
200 4.8 3.0 4.5 5.0 4.8 4.6
250 82 4.4 8.1 6.9 7.6 6.7
315 11.5 10.0 13.0 10.1 10.7 9.8
400 15.6 17.4 20.9 153 14.7 13.4
500 16.3 18.7 212 163 15.4 14.8
630 15.3 17.1 18.3 15.7 14.6 13.7
800 11.9 13.3 13.5 12.5 11.8 11.4
1000 15.1 18.0 17.9 16.5 15.4 14.6
1250 16.6 17.9 18.1 173 16.7 16.0
1600 17.8 20.1 19.8 19.3 182 17.5
2000 142 16.0 15.4 152 14.5 13.5
2500 14.4 17.0 16.0 15.7 15.0 13.6
3150 14.8 182 16.5 16.6 15.8 14.3
4000 15.7 19.1 16.9 17.5 16.8 14.9
5000 15.5 18.5 162 16.7 16.6 15.3
6300 12.7 15.7 13.4 13.7 14.6 13.6
8000 11.6 12.8 11.6 10.6 122 11.7
10000 10.2 9.8 9.5 6.8 10.6 93
1/1 Octave band readmgs
63 13 0.4 0.6 1.0 0.9 0.6
125 1.6 0.9 LI 1.3 1.4 13
250 7.1 4.7 7.0 6.7 63 6.4
500 15.9 18.0 20.5 15.9 15.0 14.1
1000 14.0 15.7 15.8 14.8 14.0 133
2000 143 172 16.4 I6.I 153 142
4000 153 18.6 16.6 16.9 163 14.7
8000 I2 .I 14.0 12.4 113 133 12.5
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APPENDIX c
DYNAMIC INSERTION LOSS RAW DATA 
Airflow rates from 1000 fpm to 6000 fpm in 1000-%m increments were used for the 
measuring o f the dynamic insertion loss of the fiberglass lined circular ducts. Soimd 
presstnre levels in each airflow rate were measured and saved in a Real Time Frequency 
Analyzer, data flies were transferred to the computer program given in Appendix F to 
generate the dynamic insertion loss reports. The soimd pressure levels in the 
reverberation room were measured at the 1/3-octave center frequency bands. The reports 
provided the measured insertion loss and dynamic insertion loss at the 1/3 and 1/1 octave 
center frequency bands. Measured dynamic insertion loss at the 1/1-octave center 
frequency bands was used as the raw data to calculate the difference in the insertion loss 
(AIL) in each airflow rate. To calculate the difference in the insertion loss, the measured 
insertion loss was subtracted from the measured dynamic insertion loss in each airflow 
rate. Dynamic insertion loss values labeled with a double asterisk were not taken into 
account for further analysis since they were limited by the airflow-regenerated noise. 
These reports are shown in tables C .l through C.72.
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Table C.l DEL Raw Data, 12 in. Duct Diameter, 1 in. Duct Liner, Manufacturer A
Dynamic Insertion Loss Measurements for the 12 in. Duct Diameter -
1 in. Liner Thickness
dB
Manufacturer A
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 4.7 5.1 6.3 5 5.6 7.6 8.5
63 5.3 4.3 5.1 3.1 4.8 6.1 7.5
80 5.9 4.8 5.4 4.9 6.1 5.9 8.7
100 6 4.6 4.8 6.6 5.8 6.5 6.5
125 7 6.8 6.9 6.9 6.5 7 7.4
160 6.9 7.7 72 7.3 7.1 7.3 7.4
200 9.7 9.4 9.5 9.5 93 9.5 9.1
250 11.6 122 11.4 11.6 112 11.9 11.5
315 14.4 13.9 13.7 13.7 13.1 13.4 12.7
400 18.1 18.3 172 17.6 16.6 162 15.8
500 25.9 25.4 24 23.8 22.7 23.5 22.5
630 34.4 34 32.3 31.3 30.9 30.5** 28.2**
800 422 413 39.8 41.5** 35.9** 31.2** 27.9**
1000 43.6 44.1 43.8 41.8** 35.1** 30.4** 26.9**
1250 35.9 36.1 36.6 352 33.2** 282** 243**
1600 35.7 35.9 363 35.3 33.4** 28.7** 24.9**
2000 37.5 37.7 37.9 38.0** 313** 26.1** 21.6**
2500 33.4 33.9 33.8 34.7 32.0** 27.1** 22.8**
3150 27.4 28.5 28.4 31.8** 23.5** 18.4** 13.5**
4000 19.5 20.8 21 22.3 23.5** 182** 13.1**
5000 17.4 19 19.8 212 24.3** 19.4** 13.1**
6300 17.3 19 19.5 20.5 20.6 19.3** 12.7**
8000 16.1 17.1 17.5 18.6 18 18.5** 12.2**
10000 11.9 12 12.5 133 11.9 21.8** 11.4**
1/1 Octave Band Readings
63 5.2 4.7 5.6 43 5.5 6.6 82
125 6.6 6.4 63 6.9 6.5 7 7.1
250 11.6 11.6 113 11.4 11 11.4 11
500 20.8 20.9 19.8 202 19.3 19.1 18.6
1000 40 40 39.6 39.1** 34.8** 30.1** 26.5**
2000 35.1 35.4 35.6 35.7** 323** 273** 232**
4000 21.6 22.9 233 24.9 23.6** 18.4** 133**
8000 163 17.5 18 19 18.5 193** 12.4**
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Table C.2 DIL Raw Data, 12 in. Duct Diameter, 2 in. Duct Liner, Manufacturer A
Dynamic Insertion Loss Measurements for the 12 in. Duct Diameter -
2 in. Liner Thickness
dB
Manufacturer A
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 6.2 4.3 5.7 5.4 63 7.4 9.1
63 6.3 5.8 6.1 6.1 6 72 8.4
80 6.6 8.1 7.7 6.9 82 7.1 10
100 9 2 8.6 82 9.1 83 8.4 9.4
125 9.9 9.8 9.9 92 9.1 9.8 9.8
160 11.9 11.7 11.3 112 112 11.2 10.6
200 16.1 16 15.7 14.9 15.6 15.5 15.1
250 24 23.9 23 22 21.8 21.4 203
315 26.1 25.5 24.4 23.6 22.9 22.5 21.6
400 28.6 28.8 28.3 27 26.4 27.5 26.4
500 35.8 35.4 35.1 33.9 32.7 342** 30.9**
630 43.9 43 41.9 41.5** 36.4** 32.4** 29.5**
800 43.3 41.4 40.9 41.0** 352** 31.5** 27.9**
1000 43.8 44.5 44.5 41.1** 35.1** 30.6** 27.1**
1250 35.6 36.1 36.1 37.8** 322** 28.1** 25.1**
1600 35.6 35.9 36.1 382** 33.0** 29.4** 253**
2000 33.4 343 34.7 34 31.6** 26.6** 222**
2500 26.3 27.9 283 28.9 31.9** 27.7** 23.5**
3150 24.3 26.6 27.3 27.3 253** 20.1** 15.1**
4000 19 22.1 22.9 23.1 25.7** 20.5** 152**
5000 16.6 19.8 20.6 21.1 232 212** 15.1**
6300 16.6 19.6 19.9 19.9 21.1 20.3** 14.4**
8000 15.1 173 17 17.1 18 18.9** 133**
10000 11 122 113 11.5 122 21.8** 11.7**
1/1 Octave Band Readings
63 6.3 5.6 63 6.1 6.7 73 9.1
125 10.3 10 9.8 9.8 9.6 9.8 9.9
250 20.4 203 19.8 19 193 18.9 18.4
500 31.3 313 30.9 29.7 29 29.8** 28.1**
1000 40.1 40.1 39.9 40.0** 343** 302** 26.8**
2000 30 31.3 31.9 323 322** 27.9** 23.8**
4000 20.5 23.4 24.1 24.4 25.0** 203** 15.1**
8000 15.5 18 17.7 17.8 18.8 202** 13.7**
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Table C.3 DIL Raw Data, 12 m. Duct Diameter, I m. Duct Liner, Manufacturer B
Dynamic Insertion Loss Measurements for the 12 in. Duct Diameter -
1 in. Liner Thickness
dB
Manufacturer B
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 6 6.7 7.7 53 6.8 6.4 7.6
63 5.6 6.1 6 2 5.1 6 7.3 8.8
80 4.6 4.7 4.9 5.5 6.1 5.7 8.4
100 6.4 63 5.5 72 6.5 6.4 7.8
125 6.6 6.9 7.3 6.9 6.7 7.1 7.6
160 7.8 8 7.3 7.4 7.7 7.1 7.4
200 9.4 9.5 9.5 9.9 10 9.8 9.2
250 11.9 12.1 12.2 122 123 11.5 11.6
315 15 14.6 14.3 14.4 14.1 13.8 13
400 18.3 18.4 17.8 18.1 17.8 17.1 162
500 26.5 25.9 24.9 24.8 24.1 23.7 24.4**
630 33.6 32.8 31.5 31 30.7 29.5** 25.6**
800 41.7 41.1 40.4 41.0** 34.9** 303** 26.4**
1000 44 2 44.6 44.5 41.8** 34.8** 29.6** 253**
1250 35 35.1 34.8 33.8 31.4** 26.9** 23.3**
1600 35.1 35 353 33.6 31.9** 28.0** 23.6**
2000 36.6 36.9 37 383** 31.6** 25.8** 20.8**
2500 34.3 34.8 35.3 34.4 33.1** 27.4** 22.3**
3150 2 9 2 29.9 31 33.1** 25.5** 192** 13.7**
4000 21 21.9 23.5 24.6 25.5** 19.4** 13.6**
5000 16.5 17.6 19.4 20.8 213 20.0** 13.9**
6300 14.5 16 172 18 18.5 19.0** 13.5**
8000 123 13.1 142 152 15.6 14.6 12.3**
10000 8 8.8 9 9.8 10.1 16 7.6
1/1 Octave Band Readings
63 5.4 5.8 6.3 5.3 63 6.5 8.2
125 6.9 7.1 6.7 7.1 7 6.9 7.6
250 11.6 11.7 11.7 11.9 11.9 11.4 11.1
500 21.1 21 20.4 20.8 20.5 19.9 19.1**
1000 39.4 39.4 39 382** 33.8** 29.1** 25.1**
2000 35.1 35.4 35.7 34.7** 32.1** 27.1** 223**
4000 22.1 23 24.6 26 24.6** 193** 13.7**
8000 13 14.1 15.1 15.9 16.4 16.9 12.1**
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Table C.4 DEL Raw Data, 13 in. Duct Diameter,1.5 in. Duct Liner, Manufacturer B
Dynamic Insertion Loss Measurements for the 13 in. Duct Diameter -
1.5 in. LinCT Thickness
dB
Manufacturer B
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 4.6 6.6 6.5 4 7 7.5 7.7
63 5 5.7 6.1 5.4 6.1 7.5 8.4
80 5.4 6.3 6.4 6.3 7.7 6.9 8.6
100 8.4 7.8 7 2 8.8 7.5 7.1 8.8
125 8.4 8.4 8.4 8.4 8.1 8 8.5
160 10.3 10.1 9.7 9.9 9.6 9.1 9.4
200 132 13.4 12.8 12.9 132 13.1 12.3
250 17.1 17.4 173 17.1 172 16.3 15.7
315 22.6 21.7 21.1 212 20.9 20 19.1
400 28.4 28.4 27.4 26.8 26.7 25.8 24.9**
500 36.7 37.3 37 36.6 34.6** 29.9** 25.3**
630 42.5 44.1 44.9 402** 343** 29.1** 24.6**
800 47.4 48.8 47.7 40.9** 33.8** 29.2** 243**
1000 44.7 45.6 45.6 41.0** 34.0** 28.7** 24.5**
1250 352 35.5 35 36.8** 31.3** 27.1** 22.6**
1600 352 35.2 35.4 373** 31.9** 27.6** 23.3**
2000 35.4 35.9 35.7 37.5** 312** 25.5** 20.6**
2500 29.5 30.5 31.8 32.7 32.3** 26.9** 22.0**
3150 24.4 25.8 27.3 272 24.5** 19.0** 13.4**
4000 17.4 18.6 20.7 21.4 24.3** 19.1** 13.4**
5000 13.9 14.9 17.5 18.8 20.3 19.6** 13.4**
6300 12.7 14.6 16.5 16.8 18 18.5** 12.9**
8000 10.9 12 13.8 13.9 15 17.0** 11.8**
10000 7.3 83 8.9 8.9 9.7 16.9 10.6**
1/1 Octave Band Readings
63 4.9 62 63 5.1 6.9 7.3 83
125 9 8.8 8.4 9 8.5 8.1 8.9
250 16.4 16.5 16.1 162 16.3 15.7 15
500 31.2 312 303 29.8 293** 27.5** 24.9**
1000 40.6 412 40.7 39.5** 33.1** 28.5** 24.1**
2000 32.5 332 33.9 353** 31.8** 26.7** 22.0**
4000 18.8 19.9 22.1 223 23.5** 19.1** 13.4**
8000 11.5 13 14.6 14.7 153 17.7** 12.3**
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Table C.5 DIL Raw Data, 12 in. Duct Diameter, 1 in. Duct Liner, Manufacturer C
Dynamic Insertion Loss Measurements for the 12 in. Duct Diameter -
1 in. Liner Thickness
dB
Manufacturer C
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 53 4.7 5.8 4.9 6 13 5.6
63 5.8 6.1 5.4 4.9 4.3 3.8 6.4
80 5.7 4.5 5.8 5.4 5.9 3.9 7.8
100 6 5.6 6.1 6.3 5.6 5.2 7.5
125 6.7 6.6 6.9 6.6 6.3 6.5 7
160 6.8 7 3 6.8 7.1 7 6.3 6.8
200 9.4 8.7 9.1 8.8 93 8.6 8.3
250 113 11.3 11.2 11.2 113 10.9 10.8
315 14.8 13.9 13.5 13.3 133 12.9 12.4
400 193 18.1 18 17.5 16.9 16.3 16.1
500 29.3 28 27.7 26.8 25.6 23.9 24.7
630 39.2 38 37.1 33.6 34.6** 30.7** 28.7**
800 46.3 45.4 48.9** 36.8 34.6** 31.1** 28.0**
1000 44.8 453 45.5 36.9 34.3** 29.7** 263**
1250 35.4 35.1 36.8 29.9 313** 27.6** 23.5**
1600 35.3 34.8 36.2 32.1 32.6** 28.6** 24.4**
2000 36.9 36.8 37.8 34.5 31.5** 25.8** 21.1**
2500 35.6 35.8 36.8 34.1 32.8** 27.1** 22.3**
3150 30.7 31.1 33.2 27.7 25.0** 19.1** 13.6**
4000 22.1 22.6 24.1 22.6 25.0** 19.0** 13.5**
5000 173 18 19.9 193 20.5 16 13.5**
6300 15.6 16.6 18 173 18.1 13.8 12.6**
8000 13.4 13.8 15.3 14.9 15.5 12.4 11.5**
10000 9.5 9.1 103 10 103 13.1 6 3
1/1 Octave Band Readings
63 5.5 5 5.6 5.1 5.4 2.7 6.5
125 6.5 6.5 6.6 6.7 6.3 6.1 7.1
250 11.4 10.9 II 10.8 11 103 10.3
500 22.1 21 203 20.4 19.9 193 19.1
1000 40.6 40.4 423 34.1 33.4** 29.6** 26.0**
2000 35.8 35.6 36.8 333 323** 273** 22.7**
4000 233 23.6 253 23.6 24.0** 18.4** 133**
8000 14.2 14.7 16.1 15.5 163 133 I LI**
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
97
Table C.6 DIL Raw Data, 12 in. Duct Diameter, 2 in. Duct Liner, Manufacturer C
Dynamic Insertion Loss Measurements for the 12 in. Duct Diameter -
2 in. Liner Thickness
dB
Manufacturer C
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 5.3 5.7 6.8 4.9 5.5 3.4 9.8
63 73 6.7 7 7 5.7 2.3 9.8
80 6.6 6.7 73 6.6 6.3 4.4 10.7
100 9 8.8 9.1 9.4 8.6 7.4 9.7
125 9.7 103 10.1 9.7 93 9 10.1
160 12 11.9 11.7 11.7 11 10.4 11.6
200 16.7 15.6 163 153 14.9 14.9 15.6
250 23.2 23.1 233 22.1 21.7 20.7 21.4
315 32.7 31.3 303 29 27.9 26.3 25.7
400 38.4 37.5 36.4 363 36.6** 293 30.6**
500 42.1 41.8 42.1 42.5** 36.9** 32.7** 29.6**
630 51.6 51 50.7** 41.5** 35.9** 31.5** 283**
800 493 49.5 50.4** 41.7** 35.0** 30.8** 27.6**
1000 45.7 453 453 41.4** 34.5** 29.9** 26.3**
1250 35.4 35.5 35.6 37.7** 32.6** 27.9** 23.8**
1600 35.3 353 35.7 38.5** 333** 29.0** 24.8**
2000 37 37 37.4 38.6** 31.9** 263** 21.4**
2500 35 35.7 363 39.7** 333** 27.7** 22.8**
3150 30.3 31.7 32.5 333** 253** 19.8** 14.4**
4000 22.8 24.4 25.7 26.1 25.6** 19.9** 14.5**
5000 17.8 19.4 213 21.6 21.7 203** 14.6**
6300 15.7 17.6 18.9 183 19.1 18.8** 14.1**
8000 133 14.5 15.8 15.4 15.6 13.3 13.1**
10000 9.3 9.9 10.6 103 10.5 143 11.8**
1/1 Octave Band Readings
63 6.1 63 6.9 6 5.8 3 3 lO.I
125 lO.l 103 103 103 9.7 9 10.4
250 21 20.1 20.6 19.7 193 18.7 19.5
500 40.5 39.7 38.8 38.4** 36.5** 30.6** 29.6**
1000 41.1 413 41.3 403** 34.1** 29.7** 26.0**
2000 35.6 35.8 36.3 38.8** 32.8** 27.7** 23.1**
4000 23.5 25.1 26.6 27 24.6** 19.8** 14.4**
8000 14.1 153 16.7 16.3 16.7 15.8 13.5**
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Table C.7 DIL Raw Data, 12 in. Duct Diameter, 1 in. Duct Liner, Manufacturer D
Dynamic Insertion Loss Measurements for the 12 in. Duct Diameter -
I in. Liner Thickness
dB
Manufacturer D
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 4.9 3.8 5.5 4.4 5.4 6.4 8.4
63 4 3 4.8 4.6 4.4 4.4 5.8 7.1
80 4 4.4 4.3 4.5 5.6 5 3 73
100 5.6 53 5 5.1 53 4.9 63
125 5.5 5.9 6 5.6 5.7 5.9 63
160 6.5 6.5 6.6 6 6.4 6.1 6.4
200 8.1 83 8.1 8 85 85 8
250 9.8 103 9.9 9.8 10.3 9.7 9.8
315 13 12.6 123 123 123 11.7 113
400 16.6 163 15.8 15.5 153 15 14.5
500 24.5 233 22.4 22 21.5 20.9 19.8
630 30.4 29.6 28.4 27.3 26.8 25.7 25.4
800 36.7 36.8 36.6 343 31.9 32.1** 29.6**
1000 41.9 42.4 42.6 41.6** 35.8** 31.1** 28.2**
1250 34.9 34.7 35 34.5 32.6** 28.6** 25.0**
1600 353 35.4 35.7 34.7 32.8** 28.8** 25.1**
2000 37.1 373 37.5 383** 31.5** 25.9** 21.5**
2500 36 36.4 36.4 35.9 32.9** 27.4** 23.0**
3150 28.7 293 29.7 29 253** 19.5** 143**
4000 19.1 20.3 213 21.6 22.1 19.7** 14.6**
5000 16.3 17.5 19 19.6 20.7 20.6** 15.0**
6300 14.7 16.8 17.6 18.1 195 19.8** 14.6**
8000 13.3 14.7 153 16 17.1 18.6** 135**
10000 9.4 10.3 10.5 11 123 18.4 12.8**
1/1 Octave Band Readings
63 4.4 43 4.8 4.4 5.1 5.9 75
125 5.8 5.9 5.9 5.6 5.8 5.7 63
250 9.9 10 9.8 9.7 10.1 9.7 9.5
500 19.3 18.9 18.3 18.1 17.9 17.6 17
1000 373 37.3 373 35.6** 33.0** 30.7** 27.6**
2000 35.9 363 363 35.8** 32.4** 27.4** 233**
4000 21.1 223 233 23.6 233 19.6** 14.5**
8000 13.7 15.3 16 165 17.9 193** 143**
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
99
Table C.8 DIL Raw Data, 12 in. Duct Diameter, 2 in. Duct Liner, Manu&cturer D
Dynamic Insertion Loss Measurements for the 12 in. Duct Diameter -
2 in. Liner Thickness
dB
Manufacturer D
1/3 Octave Band Readings
Frequency Airflow Rate - fl/m in
Hz 0 1000 2000 3000 4000 5000 6000
50 7.3 6.2 6.9 6.4 5.8 93 8.8
63 6.3 63 8 83 7.6 9.7 9.6
80 5.9 5.7 7 3 7.8 8 9.1 10.9
100 6.9 73 7.6 8.6 9.1 9.9 113
125 7.3 7.5 8.7 83 8.8 10.4 11
160 6.7 7.5 7.8 8.8 9.4 10.8 10.7
200 7.8 73 9.1 9.9 10.6 12.1 12.4
250 8.1 8.4 10.1 113 12 13.3 143
315 10.4 10.3 11.6 13 14.4 15.8 16.4
400 16.4 16.5 17.5 185 19.7 20.7 21.5
500 8.8 8.7 9 3 10.4 11.4 12.8 13.8
630 13.5 13.5 143 16 18.5 20.6 22
800 26.9 26.8 27.5 31 34.6** 31.9** 29.2**
1000 283 28.4 28.8 30.6 34.0** 30.7** 27.8**
1250 183 18 18.3 21.6 25.4 28.6** 25.4**
1600 14.7 14.9 153 16.6 193 22.9 25.0**
2000 8.7 8.6 8.9 85 103 11.7 13.6
2500 7.6 7.1 7.5 6.6 7.1 8.1 9.1
3150 9 3 9.5 10.8 10 10.1 11.1 13.0**
4000 10.6 11 12.6 11.9 11.6 11.7 123**
5000 113 11.8 133 12.7 125 12.1 11.3**
6300 10.4 10.5 115 10.1 10.4 9.9 9.6**
8000 9.8 9.9 10.6 93 9 3 9 3 9.3**
10000 8 3 7.4 7.8 6.6 6.6 13.8 8.8**
1/1 Octave Band Readings
63 6.5 6 73 7.4 6.9 9.4 9.7
125 6.9 7.4 8 8.5 9.1 10.4 11
250 8.6 85 lO .l 113 12.1 13.5 14.1
500 12.1 12.1 12.7 135 15.1 16.4 17.4
1000 23.1 23.1 235 265 303** 30.5** 27.6**
2000 9.7 9.4 9.8 93 10.3 11.6 125
4000 9.8 lO.l 11.5 10.8 10.8 11.4 125**
8000 10 10 10.9 9.5 9.7 103 9.4**
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
100
Table C.9 DIL Raw Data, 12 in. Duct Diameter, 1 in. Duct Liner, Manufacturer E
Dynamic Insertion Loss Measurements for the 12 in. Duct Diameter -
1 in. Liner Thickness
dB
Manufacturer £
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 45 4.7 5.6 5 3 5.8 6.4 7.7
63 43 4 4.5 3.6 43 5.8 7.5
80 4.7 33 3.8 3.9 63 5.6 7.4
100 5.3 4.4 43 5.5 4.8 5.3 5.8
125 5.5 5.4 5.4 5.3 53 5.8 6.5
160 5.8 6.3 6.1 5.7 6 6 3 6.5
200 7.4 7.6 7.4 7 3 7.8 7.9 7.6
250 9 8.9 8.9 8.9 9.5 9 3 9
315 12 11.4 10.8 113 11.1 10.7 10.5
400 15.6 15.6 15 14.7 14.3 14 13.6
500 22.4 21.9 20.8 20.6 20.1 19.4 19.3
630 303 29.4 28.1 27.6 27.1 25.8 25.7
800 395 39.8 38.6 39.1 36.5** 32.9** 29.7**
1000 43.1 43.8 43.4 42.7** 36.3** 31.6** 28.6**
1250 353 35.4 353 363 34.6** 29.6** 25.6**
1600 36 36 36.3 36.5 34.8** 29.9** 26.1**
2000 38 38.1 38.3 39.5** 32.9** 27.0** 22.5**
2500 37.1 37.4 37.9 37.6 34.5** 28.7** 24.0**
3150 303 31.3 31.9 31.8 27.2** 21.3** 16.0**
4000 21.1 22.6 23.8 24.6 27.3** 21.7** 16.3**
5000 183 19.4 20.9 22.3 23.1 22.6** 16.6**
6300 16.8 18.3 19.3 20.1 21 21.5** 16.0**
8000 14.7 16.1 16.8 17.4 17.8 19.5** 14.6**
10000 10.1 10.9 11.1 11.9 11.8 18.4 12.8**
1/1 Octave Band Readings
63 4.6 35 4.6 4 3 5.4 6 7.6
125 5.5 5.4 53 5.5 5.4 5.8 6.3
250 9.1 9 8.8 8.9 9.3 9.1 8.9
500 183 18.1 17.4 173 16.9 16.6 16.3
1000 38.9 39 38.5 39.0** 35.9** 31.4** 28.0**
2000 36.8 36.9 373 37.5** 34.1** 28.6** 243**
4000 23 243 25.5 26.5 263** 21.5** 16.1**
8000 15.3 16.6 17.4 18.1 18.6 20.1** 15.1**
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Table C.l G DIL Raw Data, 12 in. Duct Diameter, 2 in. Duct Liner, Manufacturer E
Dynamic Insertion Loss Measurements for the 12 in. Duct Diameter -
2 in. Liner Thickness
dB
Manufacturer E
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 3.8 0.4 2 3 1.1 4 3 4.5 0.5
63 1 1 2.4 I 13 23 2.4
80 3 1.1 3.4 2.6 4 3 3.3 2.7
100 4.1 3.5 4.1 2.8 3 33 2.7
125 4.6 4.1 4.1 3.6 4.7 3.7 4
160 5.9 53 53 5 5 53 4.6
200 8.4 7.5 7.8 7.8 8.3 73 6.7
250 11.7 10.8 10.9 11 11.4 10.3 9.5
315 16.8 15.7 153 15.7 15.7 143 13.8
400 22.8 21.3 213 20.6 21 19.1 19.1
500 26.5 263 25.7 25.4 25 24.1 25.1**
630 36 34.9 34.7 33.7 33.2** 29.1** 25.4**
800 39.8 38.8 39.6 383** 33.7** 29.9** 25.8**
1000 43.9 43.4 433 40.1** 343** 29.8** 26.0**
1250 35.7 35.6 36.3 37.0** 33.0** 28.3** 24.4**
1600 35 34.8 35 35.1 333** 283** 24.2**
2000 34.6 34.3 35 37.2** 313** 25.6** 20.6**
2500 28.9 28.9 30 30.8 32.8** 27.6** 22.9**
3150 24 23.8 25.4 26.5 253** 19.7** 14.3**
4000 17.6 17.6 19.5 20.9 24.8** 193** 13.6**
5000 15.2 15.6 17.9 19.6 21.4 18.7** 12.6**
6300 153 16 17.9 18.9 19.7 18.3** 12.5**
8000 13.7 13.5 15.7 16.6 173 17.3** 11.4**
10000 9.4 9 103 10.9 11.5 133** 8.5**
1/1 Octave Band Readings
63 2.7 0.8 2.6 1.6 3.3 33 2
125 4.8 4.3 4.4 3.8 43 4.1 3.9
250 113 10.3 10.4 10.5 11 9.9 9 3
500 24.7 23.4 23.4 22.8 23 21.5 213**
1000 38.7 38.4 38.9 38.4** 33.6** 293** 253**
2000 31.8 31.7 32.6 33.4** 323** 27.1** 22.6**
4000 19.4 193 21.5 223 24.6** 19.5** 13.9**
8000 14 14.3 16.2 17.1 17.8 17.5** 11.8**
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Table C .l I DIL Raw Data, 12 in. Duct Diameter, 1 in. Duct Liner, Manufacturer F
Dynamic Insertion Loss Measurements for the 12 in. Duct Diameter -
1 in. Liner Thickness
dB
Manu&cturer F
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 5.9 6 3 7.1 53 7 3 4.5 8.5
63 6.6 5.9 6.7 5.5 53 53 7.9
80 5.9 5.9 5.4 6 6 5.1 8.9
100 6.5 6.5 63 7 6 3 6.6 7 3
125 6.9 7.3 6.9 6.7 6 6.1 7.3
160 7.5 7.9 6.9 7 7.5 6.8 7.4
200 9 9.5 8.9 8.7 8.8 9 8.8
250 10.8 113 10.8 10.9 10.6 10.6 10.6
315 13.5 133 12.5 12.6 12.1 11.7 11.7
400 16.3 16.4 15.3 14.8 14.5 14.3 14.3
500 22.5 22 20.7 20.6 19.9 193 19.4
630 27.2 26.7 25.7 24.7 243 233 23.6
800 35.5 34.7 33.7 32.7 30.7 30.7** 28.5**
1000 423 41.4 40.6 403** 34.1** 29.9** 27.3**
1250 34.7 353 34.5 36.2** 30.1** 26.7** 24.4**
1600 34.8 35 34.9 31.1 30.6** 27.4** 243**
2000 36.5 36.4 36.2 36.9** 303** 24.7** 20.4**
2500 34.8 34.9 34.3 34 31.4** 26.0** 213**
3150 283 28.7 28.1 27.1 233** 18.1** 12.9**
4000 18.2 19.6 193 19.5 19.1 183** 12.8**
5000 14.8 163 16.6 17.4 17.7 18.7** 12.9**
6300 12.9 15.4 15.4 16.1 16.7 17.6** 12.3**
8000 11.1 13.4 13.1 13.5 13.8 163** 11.4**
10000 7.3 9.1 8.3 8.8 8.8 19.4** 103**
1/1 Octave Band Readings
63 6 6 6.4 5.5 6 3 4.9 8.4
125 6.9 73 6.7 6.8 6.6 6.5 7.3
250 10.8 I l .l 10.5 10.6 103 103 103
500 18.8 18.7 17.6 173 17 16.7 16.7
1000 36.5 363 353 34.9** 31.4** 293** 26.8**
2000 353 353 35 33.0** 30.7** 26.1** 22.1**
4000 20 213 213 21.5 20.7 183** 12.9**
8000 11.7 14 13.8 143 14.7 17.6** 11.8**
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Table C.12 DIL Raw Data, 12 in. Duct Diameter, 2 in. Duct Liner, Manufacturer F
Dynamic Insertion Loss Measurements for the 12 in. Duct Diameter -
2 in. Liner Thickness
dB
Manufacturer F
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 7.3 7.4 7.3 5.6 7.4 6.9 7.8
63 6.5 7.3 7.3 6.8 6.8 7.7 8.8
80 7.4 6.5 6.4 6.6 7.8 7.4 8.9
100 9 9.1 83 8.4 8 8.1 8.8
125 10.5 10 9.8 9.6 9 9.3 9.5
160 11.6 11.9 11.1 11.1 11.1 10.7 10.5
200 15.8 15.1 14.5 14.4 14.7 14.7 13.8
250 20.9 20.5 19.6 19.4 19.8 18.9 18.5
315 25.5 24.4 23.1 22.9 22.3 21.4 21.1
400 30.3 293 28 27.7 26.8 25.4 26.7**
500 38 37.6 36.3 35.4 35.2** 31.1** 27.9**
630 44.2 43.7 43 40.9** 35.4** 30.5** 26.9**
800 42.2 42.6 43.6 413** 34.5** 30.1** 26.9**
1000 433 43.7 43.1 40.4** 33.8** 28.9** 25.3**
1250 353 35.1 35 37.3** 31.6** 27.1** 23.2**
1600 35.4 35.2 353 37.8** 32.0** 28.0** 233**
2000 34.7 34.6 34.8 37.3** 31.0** 253** 20.3**
2500 28.1 28 28.7 29.7 31.7** 26.6** 21.6**
3150 24.7 25.2 26.1 26.7 24.9** 193** 13.5**
4000 18.7 19.2 20.7 21.4 24.9** 19.4** 13.5**
5000 15.7 16.3 18.1 193 21.6 19.8** 13.3**
6300 15.5 16.7 17.5 17.8 19.9 18.8** 12.5**
8000 13.6 14.1 14.6 15.1 16.8 17.4** 11.3**
10000 9 3 9.8 93 9.6 11.6 20.6** 9.9**
1/1 Octave Band Readings
63 7 7 7 63 73 7.3 8.4
125 103 10.3 9.7 9.7 9.4 9.4 9.6
250 19.4 18.8 18 18 18.1 17.6 17.1
500 33 31.9 30.8 30.5 29.6** 27.6** 27.1**
1000 39.6 39.7 39.8 39.7** 33.4** 28.9** 253**
2000 31.5 313 31.9 333** 31.6** 26.7** 21.9**
4000 20.1 20.6 22.1 22.9 243** 193** 13.5**
8000 14.1 15 15.4 15.7 17.7 18.7** 11.8**
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Table C .l3 DIL Raw Data, 20 in. Duct Diameter, I in. Duct Liner, Manufacturer A
Dynamic Insertion Loss Measurements for the 20 in. Duct Diameter -
1 in. Liner Thickness
dB
Manufacturer A
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 2.4 1.5 23 3 03 1.9 3
63 0.5 1.3 13 3 0.8 1.8 3.1
80 1.9 3.3 2.4 3.5 2.9 3.6 3
100 3.6 3.8 4.4 2.9 2.7 3.6 3.7
125 2.6 2.4 3 2.8 2.1 2.6 23
160 3.1 3 3.3 3 2.4 2.5 3.3
200 3.6 3.6 4.3 4.4 33 3.3 33
250 5.3 5.1 53 5.3 43 4.5 4
315 7.5 7.1 6.9 73 6.3 6.4 5.6
400 10.1 9.7 9.4 9.6 8.9 8.7 8.6
500 213 20.8 20.2 19.6 18.8 18.9 203**
630 243 23.1 23 223 21.1 20.4 20.5**
800 32 31 30.8 29.4 28.5 29.4** 23.9**
1000 37.5 36.8 36.4 35.8 34.7** 283** 22.8**
1250 35.7 35.5 35.1 343 35.8** 31.6** 26.4**
1600 283 27.7 27.7 27.5 26.6 28.2** 23.1**
2000 22.1 21.9 223 22.7 22.1 223 22.0**
2500 18.3 18.4 18.7 19.3 18.7 18.8 17.9
3150 18 17.5 18.7 193 18.8 19.6 19.5**
4000 17.2 16.6 17.5 18 16.8 173 193**
5000 15.8 15.1 16.8 17.4 163 16.3 15.7
6300 16.1 14.1 15.3 15.6 143 14.4 123
8000 15.7 14.1 15.5 16.4 143 15 13.9
10000 13 12.5 13.5 14.1 113 12.4 11.4
1/1 Octave Band Readings
63 1.6 23 2 3 3 13 2.5 3
125 3.1 3 3.6 2.8 2.4 3 3.1
250 5.8 5.5 5.7 5.8 4.9 5 4.5
500 14.6 143 13.8 14.1 133 13.1 13.1**
1000 34.4 33.6 33.4 323 31.8** 29.8** 24.4**
2000 20.5 20.6 20.9 21.5 203 213 20.0**
4000 173 16.6 17.8 183 17.5 17.9 18.5**
8000 15.8 14 153 15.7 14.1 14.5 13
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Table C.14 DIL Raw Data, 20 in. Duct Diameter, 2 in. Duct Liner, Manufacturer A
Dynamic Insertion Loss Measurements for the 20 in. Duct Diameter -
2 in. Liner Thickness
dB
Manufacturer A
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 -0.5 0.5 -0.3 2.4 1.5 0 1
63 0.8 3.5 0.7 2.9 2.8 2.1 0
80 2.4 0.6 1.3 0.4 1.4 2.1 23
100 3.4 2.9 1.9 2.1 0.9 2.1 3.9
125 3.1 5.5 3.7 4.8 3.8 3.7 2.8
160 5.3 5.8 6.4 5.5 5.4 4.8 5 3
200 8.6 7 8.1 7 7.2 6.6 7
250 13.1 12.5 11.8 11.7 11 11.1 10.6
315 17 16.7 16.6 15.8 14.9 14.6 14.1
400 22.7 22.3 20.6 20.7 203 19.5 19
500 36.3 36.3 35.1 35 34.4 30.6** 25.0**
630 41.7 43.9 42.7 43.7** 37.1** 30.9** 25.7**
800 44.6 473 46.3 45.7** 38.9** 33.1** 28.2**
1000 41.2 42 41.8 42.5** 36.5** 30.8** 25.7**
1250 31.9 32.4 32.4 32.1 32.6 323** 28.1**
1600 21 21.2 21.8 22.1 22.1 21.8 22.3**
2000 18.7 19 19.3 19.3 19.8 19.5 20.9**
2500 16.5 17 17.4 17.6 17.7 17.6 17.3
3150 16.8 17.7 17.8 18.5 18.9 19.3 20.7**
4000 17.9 18.8 19.4 19.7 19.8 19.5 21.4**
5000 17.3 19 19.8 20.5 20.9 20.1 20.8**
6300 17.9 183 18.5 18.3 18.9 17.6 20.0**
8000 17 17.5 17.1 17.1 17.3 15.9 19.2**
10000 13.8 143 14.3 13.5 13.7 12.3 13.5
1/1 Octave Band Readings
63 1 1.6 0.7 1.8 2 15 1.2
125 3.8 4.6 4 4.1 3.4 3.6 4
250 12.9 123 12.1 11.7 11.1 10.9 10.7
500 27.6 273 25.7 25.7 253 23.8** 223**
1000 35.1 35.7 35.8 35.6** 344** 323** 27.4**
2000 18 18.4 18.8 19 193 19.1 193**
4000 17.3 183 18.7 193 19.5 193 20.9**
8000 17.4 17.8 17.9 17.7 183 16.9 193**
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Table C .l5 DEL Raw Data, 20 in. Duct Diameter, I in. Duct Liner, Manufacturer B
Dynamic Insertion Loss Measurements for the 20 in. Duct Diameter -
I in. Liner Thickness
dB
Manufacturer B
1/3 Octave Band Readings
Frequency Airflow Rate - fb'min
Hz 0 1000 2000 3000 4000 5000 6000
50 12 -1.4 -1.9 0 14 2.4 03
63 0.9 1.5 -1.1 1.3 2.7 3.5 -1.6
80 1.1 0.7 1 0.8 -0.6 -03 2
100 2.9 1.5 0 3 0.6 0.5 1.5 13
125 1.3 2.2 0.3 1.3 1.9 2.4 -0.7
160 2.4 2 2.5 13 2.2 3.6 1.6
200 3.4 23 3 2.5 2.3 2.1 2.8
250 4.6 4 3 3.7 4.7 4.1 4 4.5
315 6.8 6.3 6.5 63 53 5.8 53
400 9.6 8.9 8.4 8.1 8 83 7.5
500 213 20.7 19.9 19.3 19.3 18.6 18
630 24.7 243 23.1 22.9 223 213 20.6
800 36.8 36.1 34.6 33.9 33.6 32.8** 28.6**
1000 43.3 43 42.8 443** 38.0** 31.7** 26.3**
1250 38.4 38.4 38 37.9 393** 34.1** 29.0**
1600 28.7 29 29.6 29.6 30.3 29.7** 24.6**
2000 23.3 23.7 24.1 243 24.5 24.7 23.3**
2500 19.8 20 20.5 20.7 20.4 20.4 203
3150 19.9 20.5 20.1 20.5 20.5 21 22.1**
4000 19.8 20.3 20.1 19.9 193 18.7 183
5000 18.5 19.1 19.4 20 203 203 22.1**
6300 18.5 18 17.1 16.8 17.9 19.4 19.6
8000 173 17.7 173 173 18.4 193 21.5**
10000 15.3 14.9 15.3 14.8 15.8 16.5 183**
1/1 Octave Band Readings
63 1 0.4 -0.5 0.8 13 2 03
125 2.1 1.9 1 1 1.6 2.6 0.8
250 5.2 4.6 4.7 4.9 4.1 4.3 4.5
500 143 13.5 133 12.8 12.7 12.6 11.8
1000 38.4 38 37 36.5** 363** 33.0** 28.1**
2000 22.1 223 22.8 23 23 22.9 22.0**
4000 19.5 20.1 194 203 19.9 19.8 20.1
8000 18 17.7 17 16.8 174 193 19.9**
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Table C.16 DIL Raw Data, 21 in. Duct Diameter, L5 in. Duct Liner, Manufacturer B
Dynamic Insertion Loss Measurements for the 21 in. Duct Diameter -
1.5 in. Liner Thickness
dB
Manufacturer B
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 -1.7 -2.3 -1.5 -0.4 -0.8 1.9 0
63 -0.6 0.4 -0.3 -0.4 1.2 3 -1.4
80 2 -0.1 0.1 0 13 -03 1.1
100 1.8 2 0.5 0.8 -0.6 03 23
125 1 2.6 2.1 2.1 1.4 3 1.3
160 2.6 2.7 3.9 2.4 2.6 3.6 33
200 5.8 4.1 4.7 4 3 43 3.6 4 3
250 8.1 7.5 6.7 7.3 6.6 6.2 5.8
315 10.3 9.8 9.9 9.5 8.5 8.7 83
400 20.7 20.3 19.1 19 18.5 17.9 17.8
500 40.2 40.1 38.9 37.8 36.8** 30.1** 24.1**
630 45.8 46.8 45.5 43.1** 35.6** 30.0** 24.6**
800 44.2 43.9 443 453** 38.1** 32.3** 27.6**
1000 42.7 43 43.4 43.5** 36.5** 30.6** 25.3**
1250 36.9 37.5 37.8 36.9 38.7** 33.8** 29.0**
1600 26.5 27.3 28.3 29.1 30.3 29.8** 253**
2000 21.7 22.6 233 23.8 24.6 24.7 24.2**
2500 19.2 19.9 20.8 213 21.7 21.9 22.2
3150 19.7 20.5 20.6 21.6 21.9 22.3 22.7**
4000 19.6 20.6 213 21.4 213 20.7 22.7**
5000 18.7 20 20.9 22.1 23.1 22.8 22.8**
6300 17.9 17.9 173 17.5 20 21.1 22.7**
8000 16.6 17.5 16.7 173 18.8 19.4 21.3**
10000 13.2 13.6 143 13.7 143 14.7 14.4
1/1 Octave Band Readings
63 -0.1 -0.5 -0.4 -03 0.6 1.7 0
125 1.7 2.4 23 1.8 13 2.4 2.3
250 8.4 7.6 7.4 7.4 6.7 6.6 6.3
500 25.8 25.4 24.4 243 23.7** 22.4** 213**
1000 39.4 40 403 39.8** 373** 323** 27.4**
2000 21.1 213 22.7 233 23.9 24.1 23.6**
4000 19.4 20.4 20.8 21.6 21.7 21.6 22.7**
8000 173 17.5 163 173 19.4 203 21.5**
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Table C.17 DIL Raw Data, 20 in. Duct Diameter, 1 in. Duct Liner, Manufacturer C
Dynamic Insertion Loss Measinrements for the 20 in. Duct Diameter -
1 in. Liner Thickness
dB
Manufacturer C
1/3 Octave Band Readings
Frequency Airflow Rate - fl/min
Hz 0 1000 2000 3000 4000 5000 6000
50 0.5 13 2.1 2.9 1.9 1.9 33
63 1.5 0.8 0.8 1.7 1.7 1.5 2.1
80 2.7 1.5 2 2 2.7 23 1.6
100 3 2.9 3.3 2.9 1.9 2.9 1.7
125 1.9 1.7 2.4 2.4 2.5 2 1.3
160 2.4 1.9 2.7 2.5 1.8 1.8 23
200 3.4 1.9 3.8 3.6 2.8 2.4 23
250 4.7 3.4 4.8 4.8 43 3.7 3.5
315 6.9 5.7 6.7 6.4 5.8 5.8 5.3
400 10 9.3 9.6 9.4 9 8.9 8.1
500 23.3 23 22.8 22.1 21.1 19.4 17.8
630 26.8 25.7 25.9 25.4 243 21.6 213**
800 36.4 35.4 35 38.1** 36.1** 293** 24.4**
1000 43.9 43 42.7 43.0** 35.9** 27.7** 22.0**
1250 39.1 38.5 38.5 39.4** 32 30.8** 26.6**
1600 32.1 32.3 33.1 36.4** 353** 29.0** 24.1**
2000 23.4 233 24.9 25.8 26 28.0** 23.5**
2500 19.9 19.3 21.1 21.6 21.8 223 21.8
3150 18.1 17.8 20.2 20.8 21.4 22.1 22.1**
4000 183 173 19.7 20.1 19.8 20 223**
5000 16.5 15.6 193 20.5 20.8 21.4 223**
6300 15.7 13.5 15.7 16.6 17.6 193 18.5
8000 143 12.3 15.1 16.5 16.6 173 16.5
10000 11.6 10.4 13.2 13.3 123 13.4 12.8
l/I Octave Band Readings
63 1.7 13 1.7 23 2.1 1.9 23
125 2.4 2.1 2.8 2.6 2.1 23 1.7
250 5.3 3.9 53 5.1 4.6 43 3.9
500 14.7 14.1 14.3 143 13.6 133 123
1000 38.6 37.8 373 39.5** 33.8** 29.4** 24.4**
2000 223 21.7 23.5 243 24.4 24.7** 22.9**
4000 17.8 17 19.8 203 20.6 21.1 22.1**
8000 15 13 15.4 163 17 18.4 17.6
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Table C.18 DIL Raw Data, 20 iiL Duct Diameter, 2 in. Duct Liner, Manufacturer C
Dynamic Insertion Loss Measurements for the 20 in. Duct Diameter -
2 in. Liner Thickness
dB
M anufacturer C
1/3 Octave Band Readings
Frequency Airflow Rate - fl/min
Hz 0 1000 2000 3000 4000 5000 6000
50 23 03 13 3.7 0.4 1.8 2.6
63 1.9 1.8 13 3.8 1.5 2.8 3.4
80 2.8 4.4 3.1 5.1 3.6 4.4 3.9
100 5 2 4.6 5.1 53 4 3.5 4.5
125 5 4.7 5 5 3 4.7 4.6 3.5
160 63 6.5 6.4 5.6 5.7 5.3 5.4
200 9.5 9.3 9.5 9.8 83 7.8 7.8
250 14.1 14.5 14 14.5 12.7 12.5 11.5
315 20.5 20.2 19.8 19.6 17.8 17 153
400 26.7 26.5 25.6 25.7 26 25.0** 163
500 41.1 40.6 38.1 42.6** 36.0** 28.5** 21.2**
630 43.6 44 403 41.6** 35.5** 28.8** 213**
800 44 44.5 454** 41.1** 37.1** 30.6** 23.4**
1000 433 43.1 41.7 42.8** 35.8** 28.9** 21.9**
1250 373 37.9 37.5 37.2 37.7** 32.3** 263**
1600 28.1 30.1 30.5 32.1 34.6** 29.7** 23.4**
2000 22.5 253 25.9 27.6 28.4 293** 23.5**
2500 20 22.6 23.6 253 253 25.5 26.4**
3150 18.5 21.6 22.4 243 24.9 28.0** 22.6**
4000 18.8 213 22.7 243 23.9 23.9 23.4**
5000 17.3 19.7 22.5 25.5 253 25.7 23.5**
6300 163 17.2 17.9 213 21.6 23.1 23.3**
8000 14 153 173 20.4 19.3 20.5 21.5**
10000 123 13.9 15.1 17.3 14.4 16 18.3**
1/1 Octave Band Readings
63 2.4 2.4 2.1 4 3 1.8 3 33
125 53 5 53 53 4.6 4 3 43
250 14.3 143 14 14.4 12.8 12.4 11.5
500 31.5 31.4 303 30.8** 30.1** 27.1** 18.9**
1000 39.6 403 39.8 393** 37.0** 303** 23.9**
2000 21.9 24.5 25.4 27.1 27.5 273** 24.5**
4000 183 21 22.5 24.5 24.5 25.6 23.0**
8000 153 16.4 173 20.7 20.5 21.8 22.4**
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Table C.19 DIL Raw Data, 20 in. Duct Diameter, 1 in. Duct Liner, Manufacturer D
Dynamic Insertion Loss Measurements for the 20 in. Duct Diameter -
1 in. Liner Thickness
dB
Manufacturer D
1/3 Octave Band Readings
Frequency Airflow Rate - fl/min
Hz 0 1000 2000 3000 4000 5000 6000
50 2.5 -0.3 03 1.1 0 0.6 3
63 1.4 0 3 0.8 1.3 0.6 1.5 -0.7
80 1.3 0.6 1.1 1.4 0.6 0.4 1.1
100 2 2 0.3 0.2 -0.1 13 1.9
125 2.1 1.6 1.7 1.8 0.7 1.6 0.1
160 2.4 2 3 1.7 1.9 2 3 2.6
200 3.5 1.9 33 3.2 2.7 23 2.5
250 4.7 4.5 4 4.7 4 3.8 43
315 6.6 6.1 63 6.4 53 5.4 53
400 9.5 9.6 8.8 9 8.2 8.6 7.9
500 18.9 18.1 17.5 17 16.8 15.6 15.1
630 18.8 18.5 17.7 17.4 16.8 16.3 15.8
800 24.6 243 23.8 233 22.7 22.1 21.9
1000 333 33 32.3 32.1 33.8** 293** 25.0**
1250 34.3 34.1 33.5 33.5 35.2** 31.1** 27.0**
1600 30.1 29.6 29.2 28.9 28.1 26.2** 22.0**
2000 24.1 243 24.1 24.1 24 25.4** 20.9**
2500 19.8 19.9 20.2 203 19.7 19.5 18.5
3150 20.2 203 20.4 20.6 20.4 20.8 20.4**
4000 19.3 19.4 19.2 18.8 18 173 17.4
5000 17.1 17.6 17.8 183 183 17.7 20.1**
6300 16.4 15.6 15 14.8 15.1 15.4 16
8000 14.6 14.5 14.4 143 14.1 13.9 15
10000 12.5 11.5 11.9 11.4 11.5 11.4 12.7
1/1 Octave Band Readings
63 1.5 0 3 0.8 13 0.5 1 0.9
125 2.1 1.8 1.7 13 0.9 1.7 1.6
250 53 4.6 4.7 5.1 43 4.1 43
500 13.7 133 12.9 12.9 123 12.1 11.4
1000 28.3 273 27.5 26.9 26.7** 25.5** 24.0**
2000 22.4 22.4 22.6 22.6 223 22.1** 20.0**
4000 19.1 193 193 19.3 18.9 18.6 18.9
8000 15.7 15.1 14.7 14.5 14.7 14.8 15.6
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
I l l
Table C.20 DIL Raw Data, 20 in. Duct Diameter, 2 in. Duct Liner, Manufacturer D
Dynamic Insertion Loss Measurements for the 20 in. Duct Diameter -
2 in. Liner Thickness
dB
Manufacturer D
1/3 Octave Band Readings
Frequency Airflow Rate - fl/min
Hz 0 1000 2000 3000 4000 5000 6000
50 2 3 0.9 1.9 5.4 1.1 1.7 4.5
63 0.9 1.9 1.3 2.9 1.3 2 3.1
80 2.7 2.7 3.2 3.9 3.5 3.1 2.8
100 4.3 2.6 4.4 3.9 2.6 3.6 2.9
125 3.7 3 4.5 3.7 3.7 4.1 3
160 4.6 4.3 4.5 4.5 3.7 3.8 3.8
200 6.6 5.7 7.7 7.3 5.7 5.3 4.8
250 9.6 8.5 9.9 9.5 8.4 82 7.5
315 13.4 12.5 13.3 12.6 11.7 11.6 10.6
400 173 16.7 17.1 16.3 16 15.6 143
500 30.9 30.3 29.5 29.3 29.7 27.5** 21.0**
630 343 34.1 34.3 34 33.8** 27.7** 20.8**
800 40.9 41.3 41.8 42.8** 36.1** 30.0** 23.5**
1000 41.9 41.9 42 41.8** 34.7** 28.6** 21.9**
1250 34.4 343 34.9 34.8 35.7** 312** 25.5**
1600 23.7 23.3 24.6 24.5 24.4 26.9** 21.7**
2000 20 19.8 21.6 21.7 21.7 21.7 20.8**
2500 17.5 17 19 19 18.9 192 18.5
3150 16.8 16.6 19.1 19.5 20 203 20.7**
4000 17.3 173 19.8 20 19.6 20.1 21.4**
5000 16 16 20 21.3 21 22 21.5**
6300 15.6 14.3 17.6 18 18.3 20.1 21.0**
8000 14.3 13 17.1 17.5 16.7 17.8 19.9**
10000 12 10.8 14.7 14.7 12 13.8 12.6
1/1 Octave Band Readings
63 2.1 2 2.3 4.1 2 23 3.4
125 4.1 3.1 4.4 3.9 3 2 3.8 3.1
250 10.1 9.1 10.5 10 83 8.7 7.8
500 22.1 21.5 21.8 212 20.7 20.1** 17.7**
1000 36.9 37 37.4 37.5** 35.5** 30.0** 23.7**
2000 193 18.8 20.7 20.8 20.7 213 19.9**
4000 16.8 16.7 19.5 19.9 20 20.5 21.1**
8000 15 13.7 17.3 17.6 17.5 19 19.8**
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Table C.21 DIL Raw Data, 20 in. Duct Diameter, 1 in. Duct Liner, Manufacturer E
Dynamic Insertion Loss Measurements for the 20 in. Duct Diameter -
1 in. Liner Thickness
dB
Manufacturer E
1/3 Octave Band Readings
Frequency Airflow Rate - fl/min
Hz 0 1000 2000 3000 4000 5000 6000
50 1.4 0.8 0.9 -1.8 0.7 2 0.4
63 0.7 0.5 03 -1.1 0.3 1 1.4
80 2 2 2.4 2 0.3 3.1 2.4 1.4
100 2.7 33 3.8 1.3 3 2.7 1.9
125 1.4 2 2 12 1.9 2.4 1.8
160 2.5 2.6 2.3 1.7 1.7 1.8 2.4
200 3.1 2.7 3.7 1.9 2.7 2.5 2.4
250 3.9 3.7 3.9 32 3.7 3.1 3
315 5.6 5.5 6.1 4.8 5.1 5 4.7
400 8.2 8 8 7.1 7.4 7.2 6.8
500 19.5 19 18.5 17.3 17.1 16.8 16
630 22 21.5 21.3 19.7 19.7 19.5 18.1
800 31 302 29.7 26.7 27.8 29.3** 24.6**
1000 39.8 393 38.8 32.1 35.6** 29.8** 23.7**
1250 382 38.3 38.1 34.3 37.9** 32.7** 27.1**
1600 31.5 31.9 322 30.1 31.5 29.9** 24.4**
2000 24.3 25.2 26 25.6 272 26.3 24.0**
2500 20.9 21.6 22.6 22 23.6 23.4 22.3
3150 18.9 20.5 22 21.3 23.8 23.7 22.9**
4000 19.5 20.7 222 21.2 22.8 223 182
5000 18.3 19.3 22.4 20 24.1 24 15.4
6300 18 18 19.8 16.9 212 21.8 122
8000 16.7 16.7 19 15.7 19.5 193 11.7
10000 14.3 152 16.1 10.3 15.3 15.6 -32
1/1 Octave Band Readings
63 1.6 1.5 12 -0.9 1.4 1.8 1
125 2.1 2.6 2.7 1.3 23 2.4 2
250 4.4 4 2 4.7 3.5 4.1 3.8 3.6
500 12.7 12.5 12.4 11.6 11.7 11.5 11.1
1000 34.6 34 33.4 29.9 31.6** 30.6** 252**
2000 23.1 23.9 24.8 242 25.8 25.4 233**
4000 19 20.3 22.1 21 23.4 232 18.9
8000 17.4 17.5 193 16 20.4 20.7 83
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Table C22 DIL Raw Data, 20 in. Duct Diameter, 2 in. Duct Liner, Manufacturer E
Dynamic Insertion Loss Measurements for the 20 in. Duct Diameter -
2 in. Liner Thickness
dB
Manufocturer E
1/3 Octave Band Readings
Frequency Airflow Rate - fl/min
Hz 0 1000 2000 3000 4000 5000 6000
50 2.6 1.1 1.3 12 1.7 3.6 4.8
63 1.5 1.5 0.7 1.6 1.5 2.2 2.9
SO 2.7 2 2.6 2 2 33 2.8 3.9
100 4.4 3.1 4.4 4 2.9 3.5 4.7
125 3.6 2.9 3.3 3 2 32 3.7 52
160 4.7 42 4 2 4.1 3.7 3.9 4.8
200 6.7 5.7 7 6.4 5.5 5.8 6.4
250 10.5 9.1 9.9 9 2 9 8.9 8.9
315 14.7 13.7 14.1 132 12.8 12.6 12.4
400 16.8 15.9 15.9 153 15 15.1 14.6
500 30.3 30.5 29.9 27.8 28.3 28.1** 22.9**
630 36 35.6 35.4 31 34.4** 28.8** 23.7**
800 43 42.5 42.5 33.6 35.7** 30.8** 25.8**
1000 40.4 40.5 40.9 35.6 353** 29.7** 24.3**
1250 33.1 333 33.9 31.6 34.9** 31.6** 28.1**
1600 22.1 22.1 22.9 22.5 22.6 24.5 24.5**
2000 18.5 18.6 19.6 19.7 20.1 22.7 24.0**
2500 16.5 16.4 17.6 17.7 18.1 21.7 212
3150 15.2 14.9 16.9 172 18 22.7 24.1**
4000 15.5 15.3 17.6 17.8 18.5 23.8 25.5**
5000 14.8 14.8 182 19.1 20.6 27.1 25.8**
6300 14.4 13.4 15.7 15.9 18.7 25.8 25.1**
8000 13.1 12.3 14.9 153 16.8 22.2 22.4**
10000 10.4 10.5 12.7 11.7 12.5 15.9 17.6**
1/1 Octave Band Readings
63 2.4 1.6 1.7 1.7 23 2.8 3.8
125 4.1 32 3.9 3.7 32 3.7 4.9
250 10.7 9.6 10.4 9.7 93 9.4 9.4
500 21.6 20.8 20.7 20.1 19.8 19.8** 18.5**
1000 35.9 36 36.6 32.9 353** 30.8** 26.1**
2000 18 18 19.1 192 19.6 22.7 22.7**
4000 152 15 173 17.7 18.5 23.6 24.8**
8000 13.8 123 153 15.4 17.8 23.7 23.7**
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Table C23 DIL Raw Data, 20 in. Duct Diameter, 1 in. Duct Liner, Manufacturer F
Dynamic Insertion Loss Measurements for the 20 in. Duct Diameter -
1 in. Liner Thickness
dB
ManufecturerF
1/3 Octave Band Readings
Frequency Airflow Rate - fl/min
Hz 0 1000 2000 3000 4000 5000 6000
50 2.9 1.4 1.8 2.4 1.5 0.3 4
63 12 1 0.8 2.4 0.8 1.2 3.8
80 3.3 2.6 2.6 3.6 2.6 2.8 3.9
100 4.3 3.5 4.7 3.7 2.2 4 2 4.4
125 2.8 22 3 3 2.8 3.5 3.8
160 3.9 3 32 3 3.1 23 3.4
200 4.7 3.9 4.6 4.1 3.2 33 3.4
250 5.7 5.3 5.4 5.4 4.8 4.7 4.3
315 7.6 6.9 72 6.9 6.4 6 6.1
400 10 9.5 9.6 9.4 8.8 8.7 8.5
500 18.3 17.7 173 16.8 15.8 16.1 16.7
630 18.8 18.1 17.9 16.9 16.3 162 16.1
800 24.6 23.7 23.6 22.8 22.4 233 23.5**
1000 313 30.7 30.5 30 29.6 28.7** 23.5**
1250 31.5 30.8 31 30.7 332** 30.8** 26.4**
1600 27 26.3 26 252 25.6 27.3** 22.7**
2000 232 232 23 22.5 22.5 23.2 22.1**
2500 19.5 19.6 19.4 19 18.7 18.9 18.3
3150 17.1 17.7 18.7 18.8 19.1 19.9 20.8**
4000 16.8 16.8 17.4 16.7 16.7 16.9 16.5
5000 15.1 15.6 16.8 16.7 17.1 17.6 172
6300 14.1 13.7 13.9 13.1 14.6 15.8 15.9
8000 12.9 12.9 13.6 13.5 14.8 15.4 15.6
10000 112 11.6 12.5 122 12.8 123 12.5
1/1 Octave Band Readings
63 2.6 1.9 1.9 2.8 1.7 1.4 3.9
125 3.6 2.8 3.7 32 2.6 3.4 33
250 6 2 5.6 5.9 5.7 5.1 5 4.8
500 13.9 13-4 133 13.1 12.3 12.3 12.3
1000 27.9 27.1 27 263 26.3 26.4** 24.5**
2000 21.6 21.6 21.4 21 20.9 21.4 20.3**
4000 16.5 16.9 17.7 17.5 17.7 I8 .I 18.1
8000 13.6 133 13.7 13.1 14.6 15.5 15.6
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Table C 24 DIL Raw Data, 20 in. Duct Diameter, 2 in. Duct Liner, Manufacturer F
Dynamic Insertion Loss Measurements for the 20 in. Duct Diameter -
2 in. Liner Thickness
dB
Manufacturer F
1/3 Octave Band Readings
Frequency Airflow Rate - fl/min
Hz 0 1000 2000 3000 4000 5000 6000
50 2 2.9 2.4 42 1.8 3.5 4.9
63 2 2.8 1.8 3.9 1.7 3 4.3
80 3.1 4 3.6 4.6 3.9 3 42
100 4.8 43 5.8 5.1 4.4 43 42
125 4.7 4.4 5 4.7 4.9 4.6 4.6
160 6.1 5.9 6.1 5.9 5.5 5.3 5.8
200 8.8 8.8 9.6 8.9 8.1 7.6 7
250 10.7 10.6 10.1 10.6 93 9.3 8.4
315 142 13.8 14.1 13.8 12.5 12.2 11.8
400 18.7 18.2 182 18.1 17.5 172 14.9
500 34.2 33.7 32.8 323 34.5** 28.1** 21.8**
630 40.3 39.7 38.9 41.7** 34.8** 28.5** 21.9**
800 45.4 44.3 42.7 43.8** 35.9** 30.5** 24.4**
1000 40.3 40.4 40.1 42.1** 34.6** 29.1** 22.9**
1250 32.2 32.9 33 332 313 31.4** 26.4**
1600 212 22.1 22.4 22.8 22.5 22.6 22.4**
2000 17.4 18.7 19.1 19.7 19.7 20.4 21.5**
2500 15.4 16.5 16.9 17.5 17.3 183 18.1
3150 14.4 16.5 17.5 183 18.5 202 21.4**
4000 15.4 172 18.5 19.1 19.1 202 22.3**
5000 14.8 17 193 21.1 213 23.8 22.7**
6300 14.9 16 16.8 18.5 19 232 22.5**
8000 13.6 15.6 16.7 182 18.4 20.6 20.9**
10000 11 13.5 14.5 15.5 13.7 16 172**
1/1 Octave Band Readings
63 2.5 3.4 2.8 43 2.5 32 4.5
125 5 4.6 5.5 5.1 4.8 4.6 4.7
250 11.5 11.3 11.4 113 102 10 93
500 23.6 232 23 23.1 22.3** 21.6** 18.4**
1000 352 35.8 35.8 363** 33.1** 30.5** 24.7**
2000 16.9 18.1 18.5 19.1 19 19.8 19.9**
4000 14.8 16.8 18.1 19 19.1 20.6 21.9**
8000 14.3 15.7 16.6 182 18.6 22 21.7**
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Table C25 DIL Raw Data, 28 in. Duct Diameter, 1 in. Duct Liner, Manufecturer A
Dynamic Insertion Loss Measurements for the 28 in. Duct Diameter -
I in. Liner Thickness
dB
Manufacturer A
1/3 Octave Band Readings
Frequency Airflow Rate - fl/min
Hz 0 1000 2000 3000 4000 5000 6000
50 0.9 -1 1.1 -0.9 -0.7 -0.6 0 2
63 0.5 -0.6 1.7 -0.9 -0.8 0.5 1.4
80 -0.4 1.1 0.3 1.4 0.5 22 1.5
100 1 1 1.1 0.6 0.9 0 1
125 2.1 02 1.6 -0.4 0.5 0.6 1.9
160 2.3 1 2 1 12 0.9 2.1
200 2 2 2.3 2.6 2.3 2.4 2.9 2.7
250 3.5 3 3.5 2.8 32 3 3
315 5.4 4.9 5.1 4.4 4.6 43 3.7
400 9.4 9.5 8.6 9 8.6 8.1 8.1
500 14.5 13.7 13.6 12.8 12.7 123 12.5
630 17 16.3 15.9 15.3 15.1 14.6 14.7
800 19.4 18.8 18.5 18.1 18.2 176 18
1000 24.1 23.6 23.4 22.8 22.7 21.8 22.0**
1250 22.6 22.5 22.4 223 21.6 21.5 21.5
1600 20.6 20.5 20.9 20.5 20.4 20.4 22.1**
2000 182 18.3 18.9 18.9 19.1 18.9 21.3**
2500 20.5 20.8 21.4 20.8 20.9 21 21.1
3150 17.4 17.3 18.1 17.6 18.1 183 21.0**
4000 16.7 16.8 17 16.3 162 16.2 17.5**
5000 14.9 14.6 15.1 14.4 14.4 143 14.8
6300 14.1 13.5 13.9 132 13.4 13.4 13.5
8000 14.7 14.1 152 14.1 14.8 14.9 17.8**
10000 12.8 12.4 13.4 12.5 13.4 133 153**
1/1 Octave Band Readings
63 0 2 -0.1 I -02 -03 0.7 1.1
125 1.8 0.7 1.5 03 0.8 0.6 1.7
250 4.1 3.8 4.1 3 3 3.7 3.6 33
500 11.7 11.5 10.9 10.9 10.7 102 10.4
1000 21.3 20.8 20.6 203 20 19.6 19.9**
2000 19.8 20 20.6 203 20.4 20.4 213**
4000 16.7 16.6 I7 .I 16.5 16.7 16.7 182+*
8000 14.1 13.5 14.1 133 13.7 13.7 142**
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Table C26 DIL Raw Data, 28 in. Duct Diameter, 2 in. Duct Liner, Manufacturer A
Dynamic Insertion Loss Measurements for the 28 in. Duct Diameter -
2 in. Liner Thickness
dB
Manufacturer A
1/3 Octave Band Readings
Frequency Airflow Rate - fl/min
Hz 0 1000 2000 3000 4000 5000 6000
50 0.5 -0.1 02 -02 0.4 12 -1.5
63 1.5 0.3 0.4 1.8 0.5 13 -0.1
80 0.7 2 0.9 1 1.5 2 2 1.7
100 1.4 1.3 2.6 1.1 1.3 0.7 0.8
125 2.6 1.4 2.9 2.1 1.6 1.8 1.1
160 4.4 3.4 4.8 4.3 3.8 3.7 3.1
200 7.6 7.3 7.1 6.9 6.2 6.5 6.5
250 11.1 10.3 102 9.5 9.1 8.8 83
315 14 14 13.8 13.5 12.8 12.5 11.6
400 21.6 21 21.1 21.5 20.4 19.8 222**
500 31.6 312 30.7 302 333** 29.3** 25.0**
630 35.1 34.9 34.7 33.8 33.3** 27.5** 24.0**
800 31.4 31.7 31.9 31.3 34.9** 30.1** 24.8**
1000 23.3 23.3 23.8 23.3 242 26.5** 22.6**
1250 20.1 20.5 20.9 20.7 20.6 21 21.8
1600 17.9 18.7 19 18.8 18.8 19.5 22.0**
2000 16.2 16.9 17.6 17.3 17.7 182 21.0**
2500 192 19.6 20.3 20.1 20.7 21 21
3150 16.9 173 17.9 17.8 18.4 19.1 21.1**
4000 16.7 17.6 17.6 17.5 17.6 20.5** 17.4**
5000 15.9 16.7 17.1 16.9 17.1 173 18.3**
6300 15.3 15.6 15.3 15.1 15.3 15.1 14.8
8000 14.7 153 15 143 14.9 14.9 17.0**
10000 122 12.7 12.4 12.1 12.4 12.6 14.5**
1/1 Octave Band Readings
63 0.9 0.8 0.4 0.9 0.8 1.5 0.1
125 2.8 2 3.3 2.4 22 2 1.6
250 11.4 11 103 103 9.9 9.7 92
500 24.7 24 242 24.4 23.7** 22.7** 23.5**
1000 22.6 223 233 23.1 23.4 23.7** 22.9**
2000 18 18.6 192 19.1 19.4 19.9 212**
4000 16.6 173 17.6 173 17.9 19.1** 19.1**
8000 15 15.4 15.1 14.8 15.1 15 152**
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Table C27 DEL Raw Data, 28 in. Duct Diameter, 1 in. Duct Liner, Manufacturer B
Dynamic Insertion Loss Measurements for the 28 in. Duct Diameter -
1 in. Liner Thickness
dB
Manufacturer B
1/3 Octave Band Readings
Frequency Airflow Rate - fl/m in
Hz 0 1000 2000 3000 4000 5000 6000
50 -0.3 1.1 33 03 -03 -02 -1
63 0.7 0.1 1.6 0.7 -0.4 12 -1.1
80 0.4 -0.1 -0.8 0.1 1.1 1.8 1.1
100 -0.4 0.8 22 0.9 0.7 -0.5 0.6
125 0.7 0.8 2.7 0.6 0.1 0.4 -0.2
160 1.4 1.4 2.2 1.6 0.8 1.4 0.9
200 22 1.9 1.7 2 2 2 3.1 22
250 3.1 2.9 2.7 2.7 2.9 2.7 2.5
315 4.3 4.4 3.8 3.8 3.8 3.8 33
400 10.3 10.6 103 10.5 10 9.8 9.4
500 18.9 18.7 18.6 17.8 17.4 17.1 172
630 25.3 24.9 24.4 23.8 233 22.8 233**
800 27.6 27.5 27.6 27.1 27.4 29.6** 25.7**
1000 28.4 282 283 28.4 282 27.9** 233**
1250 242 24.5 25 25.1 25.2 25.3 26.7**
1600 21.5 22 223 22.4 22.9 23.3 233**
2000 18.8 193 19.8 20 20.5 21.3 22.5**
2500 21.8 22.6 23.1 23 23.4 23.8 26.4**
3150 18.4 18.7 19.3 19.3 19.5 19.8 222**
4000 19 20 202 19.7 19.6 21.5** 18.4**
5000 18.1 18.7 19.1 19.1 19.4 19.9 19.7**
6300 17.9 183 18.3 18.5 20.1 21.5 22.0**
8000 17.1 173 18.1 18.3 19.9 21.1 19.5**
10000 14 14.4 14.9 15.5 16.9 17.5 16.9**
1/1 Octave Band Readings
63 03 02 1.1 03 0.1 0.9 -0.4
125 0.6 1 2.3 1 0.5 03 0.4
250 3.5 3.4 3 3.1 3 2 33 2.8
500 133 133 133 133 13 12.8 12.7
1000 25.8 253 263 263 26.4 26.9** 25.6**
2000 20.8 213 22 22.1 223 23 24.6**
4000 18.5 19 193 19.4 193 20.3** 202**
8000 17.5 17.8 18 183 193 212 20.9**
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Table C28 DIL Raw Data, 29 in. Duct Diameter, 1.5 in. Duct Liner, Manufacturer B
Dynamic Insertion Loss Measurements for the 29 in. Duct Diameter -
1.5 in. Liner Thickness
dB
Manufacturer B
1/3 Octave Band Readings
Frequency Airflow Rate - fl/min
Hz 0 1000 2000 3000 4000 5000 6000
50 1.1 -1.4 0 -03 -0.7 -0.3 -1.3
63 2 -0.6 -0.4 0.4 -1.4 0.3 -1
80 0.5 1.3 -02 1.7 1 2 2 2
100 0.8 0.8 2.1 0.9 1.5 0.1 0.8
125 2.9 1.1 2.4 03 1.5 0.9 0.9
160 3.5 22 2.9 2.4 2.4 2.7 2
200 4.2 4.5 3.9 4 2 3.9 4.4 4.3
250 5.8 5.8 5.1 52 5.1 5.2 5 2
315 11 11.1 10.2 103 9.9 10.1 9 2
400 24.1 23.3 22.9 22.3 21.9 21.1 19.7
500 34.7 33.6 332 332 342** 29.6** 24.5**
630 38.6 37.9 37.4 383** 33.5** 28.3** 23.5**
800 37.7 37.7 37.7 37.8 35.5** 302** 25.0**
1000 28.1 28.6 29.4 29.8 31.7** 272** 22.4**
1250 23.7 24 24.8 243 25.6 25.8 26.1**
1600 20.7 21.8 22.2 22.4 22.6 23.6 22.9**
2000 18.8 19.6 202 20.4 212 22.1 222**
2500 22 23.1 23.9 24.5 24.6 25.7 26.7**
3150 19.1 19.6 20.1 20.7 20.5 21.8 223**
4000 19.7 21.1 212 21.1 20.4 222** 18.9**
5000 18.9 20.1 20.4 203 202 22 19.8**
6300 18.8 19.7 192 20.6 20.8 26.0** 22.0**
8000 17.7 19.4 19 20.3 20.4 25.5** 19.6**
10000 15.1 16.3 15.6 17 17.6 22.0** 16.9**
1/1 Octave Band Readmgs
63 12 -0.1 -0.3 0.5 -0.5 0.6 -0.1
125 2.4 13 2.4 12 1.8 12 1.2
250 7.4 7.5 6.8 7 6.7 63 6.5
500 273 26.4 26.1 25.4 252** 23.9** 21.8**
1000 26.4 26.7 273 27.7 28.5** 272** 24.8**
2000 20.7 21.8 22.4 223 232 242 24.5**
4000 192 20.1 20.4 20.9 20.4 22.0** 20.6**
8000 18.3 19.4 18.9 20.4 203 25.6** 21.0**
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Table C29 DIL Raw Data, 28 in. Duct Diameter, 1 in. Duct Liner, Manufecturer C
Dynamic Insertion Loss Measurements for the 28 in. Duct Diameter -
1 in. Liner Thickness
dB
Manufacturer C
1/3 Octave Band Readings
Frequency Airflow Rate - fl/min
Hz 0 1000 2000 3000 4000 5000 6000
50 -0.6 -1.1 -02 -2.1 0.1 0.6 -22
63 2 -03 -0.7 -1 -1.1 1.1 -13
80 -0.4 1.4 -0 2 0.9 12 0.6 1.9
100 -0.3 -02 0.1 -02 -0.4 0.4 -0.4
125 1.6 0 1.1 -1.1 -0.1 1.1 -0.8
160 2.6 1.9 1.6 0.8 0.8 1.8 0.5
200 2.6 2.9 2.6 2.8 3.1 2.8 3.4
250 3.7 3.4 3 2 33 33 32 3.3
315 5.4 5.7 5.4 53 5.1 5 4.3
400 10.1 10.1 9.9 9.9 9.6 9.1 8.4
500 16.2 16.1 15.7 15 14.8 14.6 142
630 21.7 212 21.1 20.4 19.8 193 192
800 25.4 252 252 24.9 25 24.5 25.5**
1000 30.3 29.8 30.1 29.8 29.9 282** 23.9**
1250 262 26.1 26.8 26.9 26.7 27 27.2**
1600 22.7 23.1 23.6 23.7 242 24.6 24.0**
2000 19.6 202 20.8 21 21.4 21.9 23.0**
2500 22.2 232 24 23.8 24.5 25.3 272**
3150 18.6 19.5 20.1 202 21.1 212 23.5**
4000 18.7 19.9 203 19.7 20.1 21.5** 19.4
5000 17.5 18.3 19.1 18.7 192 19.1 19.1**
6300 16.6 17.4 17.3 17.6 19.1 19.1 18.9
8000 15.5 163 16.7 16.8 183 18.1 19.5**
10000 13.3 13.6 13.9 14 153 152 17.0**
1/1 Octave Band Readings
63 0.4 0 -0.4 -0.8 0 0.8 -0.7
125 1.3 0.5 0.9 -02 0.1 1.1 -03
250 4.3 4.4 4.1 42 4.1 4 3.8
500 12.8 12.7 123 12.3 122 11.7 112
1000 263 26.1 26.5 26.4 263 26.0** 25.8**
2000 213 223 23 23 23.6 242 253**
4000 18.4 19.4 19.9 19.8 20.4 20.9** 21
8000 16.1 17 16.9 172 18.7 18.7 19.0**
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Table C.30 DIL Raw Data, 28 in. Duct Diameter, 2 in. Duct Liner, Manufacturer C
Dynamic Insertion Loss Measurements for the 28 in. Duct Diameter -
2 in. Liner Thickness
dB
Manufacturer C
1/3 Octave Band Readings
Frequency Airflow Rate - fl/min
Hz 0 1000 2000 3000 4000 5000 6000
50 0.7 0.7 13 -2.3 -2.1 -1.5 -1
63 0.8 0.2 0.4 -13 -1.6 -1.9 0.1
80 1.3 0.4 1.3 1.5 2.1 1.7 1.1
100 2.7 2.6 1.7 1.6 0.7 1 0.9
125 3.6 3.7 2.4 1.5 1.3 1.4 12
160 4.6 4.6 4.1 3.8 3 3 3.1
200 6.9 6.6 6.6 6.8 6.6 6.4 6
250 11.7 113 11.7 10.8 10.9 10.2 9.7
315 17.3 16.6 15.8 16.1 15.5 14.5 14.3
400 27.1 26.8 25.8 253 24.8 23.7 24.5**
500 34.7 34.7 34.1 342 34 31.4** 25.7**
630 383 382 37.3 37 36.7** 313** 25.8**
800 372 372 37.3 37.6 38.1** 32.8** 28.2**
1000 29 29.6 29.9 30.1 30.1 29.9** 25.5**
1250 24.7 25.3 252 25.5 25.7 26 283**
1600 222 22.6 23 23.5 23.8 24.2 25.3**
2000 202 20.4 21.1 21.6 22.1 22.6 24.4**
2500 24 24 25 25.9 26.1 26.8 29.8**
3150 20.9 20.8 21.3 222 222 22.4 24
4000 21.5 21.7 21.6 21.9 21.3 212 21.6
5000 20.6 20.9 21.4 22 21.5 21.8 22.8
6300 20.5 19.8 20.4 212 21.6 21.9 25.3**
8000 19.6 19 20 20.6 20.7 20.8 23.9**
10000 16.9 16.4 17.1 17.7 17.6 17.7 21.0**
1/1 Octave Band Readings
63 0.9 0.4 0.9 -0.7 -0.4 -0.6 0.1
125 3.6 3.6 2.7 2 2 1.6 1.8 1.7
250 12 11.6 11.6 113 11.4 10.8 10.3
500 29.8 29.7 28.8 28.4 28 263** 25.1**
1000 273 27.8 27.8 282 28.4 28.1** 27.7**
2000 22.5 22.6 23.4 24.1 243 25 27.1**
4000 21 21 21.4 22 21.8 21.9 22.9
8000 20 19.4 20.1 20.8 21.1 21.4 24.6**
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Table C.31 DIL Raw Data, 28 in. Duct Diameter, 1 in. Duct Liner, Manufacturer D
Dynamic Insertion Loss Measurements for the 28 in. Duct Diameter -
1 in. Liner Thickness
dB
Manufacturer D
1/3 Octave Band Readings
Frequency Airflow Rate - fl/min
Hz 0 1000 2000 3000 4000 5000 6000
50 1.6 -1 0.9 -0.8 0.3 -1.1 -2.5
63 1.3 -1.3 0.8 0.3 0.8 -0.3 0.1
80 -0.1 0.8 0 0.3 -0.2 0.8 2.1
100 1 0.5 1.7 0.9 0.8 02 -0.4
125 1.5 -0.7 1.8 0.5 1.1 0.9 -0.1
160 2.3 0.5 2.1 1.4 1.3 12 03
200 2.4 2.5 2 2 1.9 2.5 2.4
250 3.6 3.6 3.4 2.8 2.9 3 2.8
315 5.3 4.9 5 4.4 4.5 4.4 3.8
400 9 8.8 8.5 8.9 82 8 7 2
500 12.8 122 12.3 11.7 11.3 11 10.7
630 15.2 14.6 14.6 13.9 13.9 13.5 13.1
800 17.7 172 17.4 16.9 16.7 16.4 162
1000 23.2 22.6 22.8 22.1 22.1 22.1 22.6**
1250 22.9 22.4 22.6 22.5 222 21.6 21.5
1600 21.4 21.4 21.7 21.3 21.3 21.3 22.7**
2000 18.5 18.7 19.1 18.7 19.1 19.4 21.5**
2500 21.6 21.9 22.3 21.8 21.8 22 21.6
3150 182 18 18.8 18.4 18.7 19 18.9
4000 182 18.4 18.8 18 17.8 17.6 20.0**
5000 16.7 16.5 16.9 16.3 162 16.8 18.3**
6300 15.5 152 15.4 15 15.5 163 15.8
8000 14.5 142 14.8 142 15.1 15.8 15.4
10000 12.1 11.9 123 12.1 13 14.1 14
1/1 Octave Band Readings
63 0.8 -0.5 0.5 -0.1 03 -02 -0.1
125 1.6 0 1.8 0.9 1.1 0.8 0
250 4.1 4 3.9 3.4 33 3.6 3 2
500 10.9 10.6 10.4 10.5 10 9.8 9 2
1000 202 19.7 193 19.5 192 18.9 18.8**
2000 20.6 20.8 212 20.8 21 21.1 21.8**
4000 17.9 17.8 18.4 17.9 173 18.1 19.1**
8000 15.1 14.8 15.1 14.7 153 16.1 15.6
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Table C.32 DIL Raw Data, 28 in. Duct Diameter, 2 in. Duct Liner, Manufacturer D
Dynamic Insertion Loss Measurements for the 28 in. Duct Diameter -
2 in. Liner Thickness
dB
Manufacturer D
1/3 Octave Band Readings
Frequency Airflow Rate - fl/min
Hz 0 1000 2000 3000 4000 5000 6000
50 1.5 0.1 3.4 1.6 2.5 0.8 0.5
63 0.7 0 2.9 1.6 1.7 13 0.4
80 0.9 2.1 0.6 1.5 0.8 1.9 2.6
100 1.7 1.1 2.4 1.7 2 0.8 2.4
125 2.3 1.8 4.2 2.1 33 1.8 23
160 3.4 3.4 4.7 3.7 3.7 2.5 33
200 6.3 63 5.5 5.7 5.5 5.9 5.7
250 9.4 92 8.6 8.5 8.6 83 7.8
315 11.8 11.6 112 10.9 10.4 93 9.6
400 17.8 17.5 17.3 172 16.6 16 15.7
500 26.4 262 25.9 253 25 24.1 23.8**
630 31.2 31.3 30.7 30.4 325** 28.5** 23.7**
800 31.6 31.8 31.9 31.7 31.9 30.5** 25.7**
1000 24.5 24.5 24.7 24.7 252 26.7** 22.5**
1250 21.4 21.8 21.9 213 22 22.3 253**
1600 19 19.8 20 193 20 20.1 223**
2000 16.9 17.7 17.9 18.1 18.6 18.2 213**
2500 19.9 20.7 20.8 20.9 21.1 21.4 21.6
3150 17.3 18.1 18.1 182 18.4 19 21.5**
4000 172 18.9 18.7 18.5 18.4 21.1** 18.6**
5000 16.4 182 182 18.5 18.7 192 202**
6300 16.3 17.9 17.4 18.1 19 20 21.5**
8000 15.4 17 16.7 17 18 18.7 192**
10000 12.7 13.6 133 13.7 145 153 162**
I /l Octave Band Readings
63 0.9 0.8 2 2 1.5 15 13 12
125 2.5 2 3.8 2.5 3 1.8 2.6
250 9.7 95 9 8.9 8.7 8.5 8.1
500 20.8 20.4 203 20.1 19.7 19 18.7**
1000 23.8 24.1 2 42 243 24.5 24.7** 24.8**
2000 18.8 19.6 19.8 193 202 203 21.7**
4000 17.1 18.3 183 18.3 18.5 19.6** 202**
8000 15.9 17.4 17 17.6 185 19.4 205**
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Table C33 DIL Raw Data, 28 in. Duct Diameter, 1 in. Duct Liner, Manufacturer E
Dynamic Insertion Loss Measurements for the 28 in. Duct Diameter -
1 in. Liner Thickness
dB
Manufacturer E
1/3 Octave Band Readings
Frequency Airflow Rate - fk/min
Hz 0 1000 2000 3000 4000 5000 6000
50 12 -0.1 13 03 -03 1.8 -0.1
63 2 2 0 0.8 0.9 -02 2.3 1.9
80 -0.5 0.6 05 0.9 0.9 0.3 0.7
100 1.1 0.9 1.7 0.7 0.1 0.1 -0 2
125 2.6 1 1.8 0 2 -02 0.9 0.8
160 2 2 1.3 1.9 1.7 1 1.8 1.4
200 2.1 1.9 2.6 2.6 32 2.8 3
250 3.6 2.8 3.1 3 2 23 3 2.3
315 5 4.7 42 4.9 4.5 4.3 3.6
400 9 2 9 8.5 8.8 73 8.1 7.7
500 14.6 13.9 13.8 13.4 12.9 12.9 12.5
630 18.1 173 17.1 16.4 16.1 16.1 15.5
800 20.5 20.1 20.1 19.4 19.3 192 18.7
1000 25.9 253 252 24.8 24.7 24.5 22.8**
1250 242 24.1 24 23.9 23.3 23.4 232
1600 21.7 21.9 222 222 222 22.1 232**
2000 18.9 192 19.6 19.9 20.1 20 222**
2500 22 222 22.9 23 22.8 22.9 22.8
3150 18.7 18.6 19.3 19.7 19.4 19.6 22.6**
4000 19 19.5 19.8 19.6 192 212** 20.8**
5000 18 17.9 18.6 18.5 18.5 18.3 19.5**
6300 17.1 16.9 175 17.4 17.9 17.7 17
8000 16.3 15.9 17.2 16.9 17.6 17.4 15.1
10000 14.1 13.9 14.8 15 15.6 15.3 12.4
1/1 Octave Band Readings
63 0.9 0 2 0.8 0.7 0.1 1.4 0.9
125 2 1 1.8 0.8 03 1 0.7
250 3.9 35 3.5 3.9 3.7 3.6 3
500 11.6 11.3 10.9 10.9 103 10.5 102
1000 22.6 222 222 21.8 21.4 21.4 20.8**
2000 21 212 21.8 22 22 22 22.7**
4000 18.6 18.7 193 19.4 192 19.9** 21.4**
8000 16.7 165 173 17.2 17.7 17.5 162
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Table C.34 DIL Raw Data, 28 in. Duct Diameter, 2 in. Duct Liner, Manufacturer E
Dynamic Insertion Loss Measurements for the 28 in. Duct Diameter -
2 in. Liner Thickness
dB
Manufacturer E
1/3 Octave Band Readings
Frequency Airflow Rate - fl/m in
Hz 0 1000 2000 3000 4000 5000 6000
50 1.4 1.4 2.1 1.6 2.5 -0.8 -0.8
63 2.4 13 2.6 2.5 1.4 12 -0.1
80 -02 0.5 0.7 0.8 0.8 2 2.8
100 13 1.4 2.7 2 23 0.1 0.7
125 3.1 1.6 3.8 1.8 2.1 0.7 0.7
160 4 3.4 3.8 3.6 3.5 2.1 1.9
200 5 52 4.9 5.3 4.5 52 52
250 9.4 9.1 8.9 8.5 8.3 8.4 7.8
315 12.7 12.7 11.9 11.7 11.3 10.8 9.8
400 18.3 17.9 17.9 17.7 16.9 16.6 15.8
500 27.8 27.6 27.1 262 25.9 25.5 24.5**
630 32 312 31.4 30.6 33.0** 29.0** 242**
800 30.6 30.4 30.7 30.6 30.9 30.6** 26.0**
1000 24.5 24.4 24.7 24.5 25.1 26.9** 22.9**
1250 21.1 21.3 21.7 21.5 21.6 21.6 21.8
1600 18.5 19.4 19.6 19.4 19.7 19.8 22.4**
2000 16.7 17.3 17.5 17.6 18.1 18.1 182
2500 19.9 20.6 20.9 21 213 21.7 21.5
3150 17.4 18 182 18.5 18.8 19.1 21.7**
4000 17.8 19 18.8 18.9 18.9 18.4 18.9**
5000 17.3 18.4 18.6 18.8 19.1 19 19.5**
6300 17.4 18.4 17.8 18.7 20.1 20.4 21.7**
8000 16.5 17.6 17.5 17.8 19.1 193 19.3**
10000 13.9 14.4 142 14.6 15.9 16.1 16.7**
1/1 Octave Band Readings
63 l .l 0.9 1.8 1.5 1.5 0.8 0.5
125 2.8 2.1 3.4 2.4 2.6 1 1.1
250 9.4 9.4 9.1 9 8.6 8.6 8
500 21.4 20.9 20.9 20.6 20.1 19.7 18.9**
1000 23.5 23.6 24 23.9 242 242** 233**
2000 18.6 193 19.6 19.7 20.1 20.3 20.7
4000 17.5 183 18.4 18.6 183 18.9 203**
8000 17 18 17.5 182 19.6 19.9 20.8**
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Table C.35 DEL Raw Data, 28 in. Duct Diameter, 1 in. Duct Liner, Manufecturer F
Dynamic Insertion Loss Measurements for the 28 in. Duct Diameter -
I in. Liner Thickness
dB
Manufacturer F
1/3 Octave Band Readings
Frequency Airflow Rate - fl/min
Hz 0 1000 2000 3000 4000 5000 6000
50 0.5 -0.5 0.6 1.4 1.6 -0.7 -1
63 0.5 -0.6 0.8 1.2 1.5 0.1 -0.5
80 12 1.8 1.1 0.7 0.3 2.3 2
100 1.3 1 2.1 1 0.3 0.8 0.3
125 13 0 2.2 1.7 1.7 0.3 0.3
160 2.1 1.3 2.4 2.1 2.3 12 1.5
200 2.7 2.7 2.6 2.8 2.4 2.9 3.6
250 3.5 3.6 3.5 3.5 32 32 3.1
315 52 4.8 5.1 5 4.9 4 2 4.3
400 9 8.9 8.3 8.5 8.3 8 6.8
500 12.6 11.9 12.1 11.8 11.4 11.1 10.6
630 14.5 13.7 13.7 13 12.9 12.4 12.4
800 16.8 16.3 16.5 16.1 15.8 15.3 15.1
1000 21.6 21 21 20.7 20.5 19.7 21.5**
1250 212 20.7 20.7 20.7 20.3 19.8 193
1600 20.1 20.4 20.5 20 20 19.6 21.9**
2000 18.8 192 19.5 19.1 19.1 18.9 213**
2500 21 21.1 21.7 21.1 21.1 21 20.9
3150 18 17.7 18.6 18.1 18.1 18 182
4000 17.7 182 18.9 182 17.9 17.4 14.5
5000 163 16.6 17.5 16.9 16.9 16.7 19.0**
6300 15.3 15.6 16.5 153 16.3 16.1 15.3
8000 14.7 152 16.5 16 16.4 163 13.9
10000 12.9 13.4 14.6 14.5 152 14.9 11.5
1/1 Octave Band Readings
63 0.7 03 0.8 1 1 05 0.1
125 13 0.7 2 2 1.6 1.4 0.8 0.7
250 4.1 4 4.1 4.1 3.9 3.6 3.7
500 10.8 10.5 102 10.1 10 9.6 8.9
1000 19 18.5 18.6 18.4 18 17.5 17.4**
2000 202 20.4 20.8 20.4 20.4 202 21.1**
4000 17.6 17.6 18.5 173 17.8 17.6 16.7
8000 15 15.4 16.4 15.8 163 16.1 14.8
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Table C.36 DIL Raw Data, 28 in. Duct Diameter, 2 in. Duct Liner, Manufacturer F
Dynamic Insertion Loss Measurements for the 28 in. Duct Diameter -
2 in. Liner Thickness
dB
Manufacturer F
1/3 Octave Band Readings
Frequency Airflow Rate - fl/min
Hz 0 1000 2000 3000 4000 5000 6000
50 03 -02 0.1 0.3 0.1 0.4 -0.6
63 1.6 1.1 0.6 1.1 0.3 0.8 0.5
80 1.5 1.1 0.4 0.4 1.6 2.7 2.3
100 1.2 12 12 1 0.9 0.8 0.4
125 1.9 2.3 2.2 1.6 1.6 13 1.1
160 3.7 3.7 4.3 3.4 32 3.1 2.6
200 5.9 6 5.5 5.5 5.5 5.6 5.4
250 7.5 7.1 6.6 6.9 6.8 6.4 6 2
315 9.9 9.9 9.8 9.3 92 8.8 82
400 162 16.1 15.9 15.7 153 15 13.8
500 24.7 24.5 24 232 232 22.6 23.4**
630 282 28 27.8 272 27.5 282** 23.3**
800 27.7 28 28.1 27.8 28 29.8** 252**
1000 25.1 24.9 24.9 24.7 24.6 23.5 222**
1250 21.6 21.6 21.7 21.8 21.4 21.4 21.4
1600 18.8 19 19.5 19.4 19.6 19.7 21.9**
2000 16.6 17.1 17.7 17.6 18 183 183
2500 19.5 19.7 202 20.1 20.5 20.9 21
3150 16.9 16.9 17.6 17.5 18.3 19 19
4000 173 182 18.5 18.5 18.9 213** 17.4**
5000 17.1 17.8 18.4 18.5 19.7 20 20.1**
6300 17.6 18 182 18.8 21 22 21.5**
8000 173 17.5 17.7 18.1 202 21 192**
10000 14 14.3 14.5 14.8 16.6 17.7 16.5**
1/1 Octave Band Readings
63 12 0.7 0.3 0.6 0.7 12 0.8
125 2 2 23 23 2 1.9 1.7 1.3
250 8 2 8.1 7.8 7.7 7.7 73 6.9
500 19.1 19 18.8 18.5 183 18 17.1**
1000 23.6 23.6 23.7 23.8 23.6 233 22.7**
2000 18.5 18.8 193 193 19.7 20 20.4
4000 17 17.4 173 173 18.7 19.8** 18.5**
8000 173 17.7 17.8 18.4 20.5 21.5 20.5**
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Table C.37 DIL Raw Data, 36 in. Duct Diameter, I in. Duct Liner, Manufacturer A
Dynamic Insertion Loss Measurements for the 36 in. Duct Diameter -
I in. Liner Thickness
dB
Manufacturer A
1/3 Octave Band Readings
Frequency Airflow Rate - fl/min
Hz 0 1000 2000 3000 4000 5000 6000
50 -1.7 0.1 -13 -03 -1 0.8 -0.4
63 0.3 2 -0.1 -0.4 -02 0.6 0.4
80 0.8 2 2.1 03 1.4 -0.6 1.6
100 0 0.6 0.9 0.1 0.5 0 -0.1
125 0.4 0.9 -0.3 0.4 -0.4 0.6 0.3
160 0.5 1.1 0.9 1.3 0.6 0.9 0.8
200 1.8 1.9 2.3 2.1 2 1.5 2
250 3.8 3.5 3.3 3.4 3.5 3.5 3.5
315 4 4.7 4.3 3.8 3.6 3 2 3.7
400 7.3 7.8 7.4 7 6.9 7 2 6.5
500 10.9 10.6 10.1 9.7 9.4 9 2 9.4
630 11.8 11.9 112 11.1 10.8 10.7 10.6
800 14.5 14.6 14.1 13.8 13.6 13.4 13.3
1000 17.5 17.5 173 16.9 16.4 16.5 16
1250 17 17.3 17 16.7 16.6 16.4 16.7
1600 20 20.5 203 202 19.7 19.1 2L6**
2000 16.1 162 162 16.1 16.1 16.1 162
2500 18.9 19.1 18.8 18.3 18.1 173 16.9
3150 17.7 18 17.9 173 17.4 17.1 17.1
4000 16.7 16.9 16.8 16 15.8 15.7 15.9
5000 15.1 153 15 133 13.8 13.6 13.8
6300 122 122 12.3 I l .l 10.9 102 10.9
8000 12.6 13.1 13.2 12 12.1 11 12
10000 12.5 13 132 11.8 12.1 10.9 14.4**
1/1 Octave Band Readings
63 -0.1 1.4 0.6 -0.1 03 0.3 0.6
125 0 2 0.8 0.4 0.5 02 0.5 03
250 3.5 3.8 3.6 33 32 3 3.3
500 9.1 9 2 8.8 8.5 83 8.4 8.1
1000 16.1 163 16 15.7 153 153 15.4
2000 18.3 18.5 183 18 17.8 173 17.4
4000 16.8 17 16.9 16.1 16.1 15.8 16
8000 12.3 12.4 12.5 113 112 10.4 113
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Table C.38 DIL Raw Data, 36 in. Duct Diameter, 2 in. Duct Liner, Manufacturer A
Dynamic Insertion Loss Measurements for the 36 in. Duct Diameter -
2 in. Liner Thickness
dB
Manufacturer A
1/3 Octave Band Readings
Frequency Airflow Rate - fl/m in
Hz 0 1000 2000 3000 4000 5000 6000
50 2.8 4.7 1.8 4.3 2.7 5 4.8
63 43 5.5 2.5 4.3 3.4 32 7.0**
80 5.1 5.1 6.4 4 5.5 4 4.6
100 5.4 5.4 5.6 5 5.4 4.7 4.8
125 52 5.9 4.6 5.6 4 4.3 63
160 6.5 6.6 6.4 6.9 5.6 5.6 6.9
200 9.4 8.6 9 8.6 8.4 8 8.1
250 143 14 132 13 12.5 12.8 12.4
315 17 17.3 16.1 15.8 15.1 15 14.7
400 23.9 24.3 23.6 22.9 22.4 24.7** 19.0**
500 282 28.1 27.5 27.5 27 25.8** 19.6**
630 23.8 24 23.5 23.6 23.6 24.1** 17.7**
800 23.5 24 23.4 232 23.4 25.3** 20.0**
1000 21.8 22 22 22.1 22 24.6** 19.3**
1250 193 19.9 19.9 19.8 20.1 20.7 23.6**
1600 21.8 222 22.1 21.9 21.7 22.3 21.6**
2000 18.4 18.6 18.9 19 18.9 19.1 21.0**
2500 20.7 20.9 20.8 20.5 20 19.6 193
3150 19.6 20.1 19.9 193 193 192 19.4
4000 20.6 212 21.1 21.1 20.4 20.5 20.5
5000 20.3 20.7 20.4 20 19.4 19.4 212**
6300 163 162 15.6 15.1 13.9 13 12.8
8000 14.7 14.9 14.4 14.1 12.7 11.6 11.4
10000 133 13.4 12.9 12.3 10.7 93 8.7
1/1 Octave Band Readings
63 4 2 5.1 3.9 4 2 4 3.9 5.3**
125 5.6 5.9 5.4 5.7 4.9 4.8 6
250 13.9 13.8 13.1 12.8 12.4 123 12.1
500 25.1 253 24.6 24.4 24 24.9** 19.0**
1000 20.6 21 21 20.9 212 222** 21.4**
2000 202 20.5 20.5 20.4 20 19.9 20.1**
4000 20 20.5 20.4 20.1 19.7 19.7 20
8000 15.7 15.7 15.1 14.7 13.4 12.4 12.1
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Table C.39 DIL Raw Data, 36 in. Duct Diameter, 1 in. Duct Liner, Manufacturer B
Dynamic Insertion Loss Measurements for the 36 in. Duct Diameter -
1 in. Liner Thickness
dB
Manufacturer B
1/3 Octave Band Readings
Frequency Airflow Rate - fl/min
Hz 0 1000 2000 3000 4000 5000 6000
50 1.5 -02 -0.3 -1.8 1.3 12 0.7
63 1.3 0 -1 -1.7 1.9 1.8 -0.3
80 0 2 0.6 0.9 1.1 1.1 1 0.7
100 13 0.5 1.1 0.6 1.1 -02 0.5
125 1.5 0.8 0.4 -0.5 1 -0.1 13
160 1.6 12 12 0.5 1.1 0.8 2.1
200 1.9 1.6 1.7 2 2 1.5 1.9 1.9
250 3.3 3 3 3.4 33 4.1 3.5
315 4 4 2 3.5 33 32 3.1 3.7
400 8.9 93 9.1 8.6 8.7 8.5 8.3
500 16.3 16 15.3 152 15 14.3 14.1
630 16.6 16.8 16.4 15.9 16.5 15.7 153
800 19.4 193 18.7 182 18.4 17.8 17.6
1000 21.3 21.4 21.1 21.4 21.7 21.6 20.7**
1250 18.9 192 19 193 19.7 20 203
1600 20.9 21.5 21.7 21.8 21.9 22.1 233**
2000 17.1 17 173 17.5 18.1 183 19
2500 20.6 20.8 20.6 20.5 20.1 20 193
3150 19.5 202 20.3 20.3 20.5 20.6 20.6
4000 202 20.8 21.1 21.3 21.4 22.4 22.5
5000 203 20.8 212 21.1 21.4 22.7 23.8**
6300 18.4 18.5 18.7 19.4 19.7 20.9 20.0**
8000 16.5 16.4 17.4 183 18.6 20.4 183**
10000 16 16 16.5 17.5 16.8 20.1** 14.6**
1/1 Octave Band Readings
63 0.8 0.1 0 -0.5 1.4 1.4 03
125 1.5 0.8 0.8 0 2 1.1 02 13
250 3.3 33 3 3.1 2.9 3 2 33
500 11.7 11.8 11.5 112 11.4 11 10.8
1000 19.3 193 192 193 19.6 19.4 19.4**
2000 19.6 19.7 19.8 19.8 19.8 20 19.9
4000 19.8 203 20.7 20.8 20.9 21.5 21.6
8000 17.7 17.7 182 19.1 192 20.8 19.1**
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Table C.40 DIL Raw Data, 37 in. Duct Diameter, 1.5 in. Duct Liner, Manufacturer B
Dynamic Insertion Loss Measurements for the 37 in. Duct Diameter -
1.5 in. Liner Thickness
dB
Manufacturer B
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 4.3 3.7 3.8 23 1 6.4 2.1
63 5.5 4.8 33 2.8 2 4.5 1.9
80 3.6 43 2.8 3.1 2.4 1.5 33
100 5.1 53 3.9 3.6 3.4 3.5 2.6
125 6.3 5.4 4.8 3.8 2.5 4.2 3.7
160 5.6 53 5.8 5.7 4.3 5.4 5.3
200 6.2 6.5 6.4 6.7 6.1 6.3 6.4
250 10.7 10.9 10.3 103 10 10 9.5
315 14.5 14.7 14.3 13.8 12.9 13.5 12.9
400 23.8 23.7 23.5 22.8 21.9 21.8 20.5**
500 32.3 32 31.6 31.1 30.1 273** 21.6**
630 27.8 27.8 27.6 27.3 27 25.6** 19.7**
800 26.6 27.3 27.4 27 27.3 27.4** 22.1**
1000 24 24.4 24.7 25.1 25.2 263** 21.3**
1250 21 21.8 21.9 223 22.7 233 25.3**
1600 23.4 243 24.6 24.9 24.9 27.8** 23.6**
2000 19.4 20 20.4 20.7 21 21.4 23.0**
2500 22.5 23.1 22.8 22.9 22.6 22.5 22.4
3150 21.1 22.3 22 22.4 22.6 22.5 24.5**
4000 21.4 22.5 22.9 23.1 22.7 23.4 253**
5000 20.3 21.5 21.8 21.6 21.4 22.5 22.6**
6300 16.3 17.4 17.4 17.7 17.5 18.6 18.3**
8000 12.7 14.1 14.5 14.8 14.7 15.5 13.7
10000 10.9 12.1 123 12.1 11.4 12.5 10
1/1 Octave Band Readings
63 43 4.3 3 2.8 1.9 3.8 2.4
125 5.6 53 4.7 4 3 33 4 3 3.8
250 10.7 113 10.6 10.6 10 103 10
500 26.4 26.1 25.9 25.4 24.6 23.9** 20.8**
1000 22.5 233 233 23.7 24.1 24.5** 233**
2000 21.7 22.4 22.4 22.6 22.5 22.8 22-7**
4000 21 223 22.3 223 22.4 22.8 24.5**
8000 14.8 16 16.1 16.4 163 173 15.9
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Table C.4I DIL Raw Data, 36 in. Duct Diameter, I in. Duct Liner, Manufacturer C
Dynamic Insertion Loss Measurements for the 36 in. Duct Diameter -
1 in. Liner Thickness
dB
Manufacturer C
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 2.8 4.6 1.1 2.4 1.4 5.7 2.8
63 3.3 4.6 1.6 3 2.5 5.1 2
80 4.1 4.7 4.9 3.6 52 1.9 43
100 4.1 4 5 3.5 4.3 3.7 42
125 4.3 4.1 3.5 4.1 32 4.3 3.9
160 4.1 4.8 43 4.8 3.8 4.4 4.7
200 5.8 52 5.5 5.8 5.3 5 2 5.6
250 8 73 6.8 7 6.7 72 7
315 7.9 8.5 7.7 7.5 7.3 7.3 7.5
400 112 11.7 11.5 11.3 10.7 10.9 10.6
500 162 15.8 15.3 15.1 14.8 14.1 14.1
630 172 17.1 17.1 16.4 16.5 15.8 173**
800 20.6 20.5 20.1 19.5 192 18.4 20.0**
1000 23.5 23.7 23.5 23.4 232 22.3 20.0**
1250 21.8 223 22.1 22 222 21.9 24.3**
1600 23.9 242 24.3 242 243 23.9 22.4**
2000 20.1 20.1 20.4 20.4 20.8 20.9 22.0**
2500 22.9 23.2 23 22.5 22 21.9 21.5
3150 21.5 222 22 21.6 21.8 21.6 23.3**
4000 21.8 22.4 22.5 22.3 222 222 24.1**
5000 20.8 21.4 21.1 20.5 20.4 20.4 222**
6300 17.1 17.8 17.1 16.8 16.4 15.9 15.6
8000 14.9 15.5 14.9 14.7 14.3 13.6 13.8
10000 13.8 14.3 13.4 13.1 12.7 11.8 13.1**
1/1 Octave Band Readings
63 3.4 4.6 2.8 32 32 4 3
125 4.1 4 2 4 2 4.1 3.8 4 2 4.3
250 7.5 7 5 6.9 7 6.7 6.9 7
500 13.4 13.6 13.3 132 12.7 12.6 123
1000 21.6 21.8 21.6 213 212 20.7 21.8**
2000 222 22.4 22.4 222 22.1 22 21.8**
4000 21.5 22.1 22 21.7 21.7 21.6 23.5**
8000 16.3 16.9 162 16 15.6 15 143
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Table C.42 DIL Raw Data, 36 m. Duct Diameter, 2 in. Duct Liner, Manufacturer C
Dynamic Insertion Loss Measurements for the 36 in. Duct Diameter -
2 in. Liner Thickness
dB
Manufacturer C
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 2.7 4.1 3.4 12 4.3 4.5 4.3
63 3.5 4.9 4.6 1.7 6 3.9 4
80 4.6 4.5 4.7 4.4 4.4 2.8 4.7
100 4.8 5.5 5.8 4.5 5.3 4 2 3.9
125 4.8 6.5 5.2 3.4 5.6 4.3 4.9
160 5.9 6.6 7.1 6 6.7 5.4 6.3
200 9.5 8.7 9.1 83 83 8.4 8.7
250 152 14.3 14.1 14.1 13.7 13.6 132
315 18.9 18.9 182 17.3 16.6 16.4 16.3
400 27.4 27.8 272 26.1 25 26.0** 21.0**
500 35.6 35.9 35.4 34.8 34.0** 27.1** 21.7**
630 31.7 32.7 32.4 32.3 32.1** 25.8** 20.0**
800 27.6 28.5 28.4 28.2 28.6 27.6** 222**
1000 22.9 23.3 23.4 23.8 24 25.8** 21.0**
1250 20.7 21.6 21.5 21.9 222 22.9 252**
1600 232 23.9 24.2 24.6 24.6 273** 23.4**
2000 19 19.5 20.1 202 20.8 21.1 22.6**
2500 21.7 22.4 222 222 21.9 21.7 21.8
3150 20.4 21.5 21.4 21.6 21.5 21.4 23.7**
4000 20.5 21.3 21.8 213 21.4 21.7 24.5**
5000 19 19.9 203 19.8 19.5 19.8 22.0**
6300 14.5 15 15.2 14.7 14.4 14.1 173**
8000 10.5 11.1 11.7 113 10.7 102 11.5
10000 8.4 8.6 8.8 82 73 6.6 8.4
1/1 Octave Band Readings
63 3.7 4 3 4.4 2.7 4.9 3.7 43
125 5 6.1 5.9 4.5 5.8 4.6 5
250 14.6 14.3 14 13.6 13.1 13.1 13.1
500 30 30.3 29.7 283 283** 26.3** 21.1**
1000 222 23 22.9 233 23.7 24.3** 233**
2000 21.1 21.8 21.9 22 22 223 22.2**
4000 202 21.1 213 21.3 21.1 212 23.7**
8000 12.8 132 13.6 13.1 12.6 122 142
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Table C.43 DIL Raw Data, 36 in. Duct Diameter, 1 in. Duct Liner, Manufacturer D
Dynamic Insertion Loss Measurements for the 36 in. Duct Diameter •
1 in. Liner Thickness
dB
M anu6cturerD
1/3 Octave Band Readings
Frequency Airflow Rate - ft/m in
Hz 0 1000 2000 3000 4000 5000 6000
50 4.5 3.8 33 0.6 1.3 6.8 2.7
63 4 3.1 3.5 1.7 3.4 4.8 3.3
80 1.6 1.9 2.4 2.9 2.8 0.7 2 2
100 32 2.9 3.6 2.1 1.9 2.6 1.5
125 4.7 3.1 3.3 1.9 2 3.8 23
160 4.6 4.4 4.8 3.7 32 4.6 4
200 5.4 5.1 5.5 5.9 5.5 5 5.4
250 7.2 7.1 6.9 6.9 6.9 7.2 6.8
315 8.1 8.4 8 7.6 7.4 7.3 73
400 11.8 11.9 11.9 112 10.8 11.3 10.6
500 14.9 15 14.4 13.8 13.7 13.7 133
630 15.1 15.2 14.5 142 14.3 14.5 14.1
800 17.6 17.5 16.9 163 16.5 16 15.7
1000 20.6 20.4 20.3 19.6 19.4 19.5 192#*
1250 20.1 20.2 20.1 19.7 19.6 19.7 19.7
1600 22.5 22.8 22.7 22.4 22.3 22.3 223**
2000 18.7 19 18.9 18.9 19 19.1 21.4**
2500 21.4 21.7 21.4 21 20.4 19.9 19.6
3150 19.6 20.2 19.9 19.6 19.4 192 19.5
4000 19.2 19.6 19.7 192 18.8 18.8 19.5
5000 172 17.6 17.5 16.7 162 15.9 16.8
6300 12 12.2 12.1 11.5 10.7 10.1 11.3
8000 8.7 92 9.3 8.7 8 7.3 85
10000 7.1 72 7.3 7 6.3 52 7.5
1/1 Octave Band ReadinP
63 2.9 2.8 2.8 2 2.7 3.5 2.7
125 4.1 3.3 3.8 2.5 23 3.6 2.6
250 7 2 73 7.1 7 6.9 6.8 6.8
500 133 13.3 13.1 12.5 12.3 12.6 12.1
1000 192 192 185 18.4 18.4 183 182**
2000 20.8 21.1 20.9 20.7 203 20.1 20.4**
4000 19 19.5 19.4 185 18.6 18.4 19
8000 10.7 10.9 10.9 10.4 9.6 8.9 103
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Table C.44 DEL Raw Data, 36 in. Duct Diameter, 2 in. Duct Liner, Manufacturer D
Dynamic Insertion Loss Measurements for the 36 in. Duct Diameter -
2 in. Liner Thickness
dB
Manufacturer D
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 5.4 5 4 1.9 13 4.7 4
63 5.1 4.6 4.7 2.1 2.8 5.1 3.4
80 4.4 4.8 4.9 5.1 5.7 4.6 5.5
100 5.5 5.5 5.4 4.6 43 3.5 4 3
125 6.8 5.7 5.6 4 3.5 3.9 4.7
160 6.6 6 6.8 5.6 5.4 5.7 6
200 8.1 8 83 8.6 8 7.8 7.8
250 13.1 12.3 123 12 11.8 12 11.5
315 14.6 14.9 14 13.6 13.1 12.7 12.9
400 20.7 21 20.5 19.8 193 18.6 19.7**
500 27.3 26.8 263 26.3 25.8 23.2 20.7**
630 25.4 25.5 253 25 24.8 24.8** 18.8**
800 25.5 25.9 253 253 25 26.4** 213**
1000 232 23.5 23.4 23.5 23.6 253** 203**
1250 202 21 20.7 20.8 21.1 21.5 24.4**
1600 22.9 23.5 23.5 23.8 23.7 23.4 22.7**
2000 19.1 19.4 19.6 19.8 19.9 20.1 22.0**
2500 22.1 22.5 22.1 22.1 21.7 21.4 21.1
3150 21 21.7 21.2 21.3 213 21.1 23.6**
4000 22.4 22.6 22.8 23 22.6 22.8 25.0**
5000 21.9 22.4 22.6 22.5 22.4 22.3 233**
6300 18.4 18.6 18.7 18.8 183 17.5 19.3**
8000 15.2 15.3 15.7 15.8 153 14.1 173**
10000 13.3 13.1 13.4 13.5 12.7 11.3 14.2**
1/1 Octave Band ReadinP
63 4.8 4.7 4.6 33 3.4 4.8 43
125 6 2 5.7 5.8 4.7 43 43 4.9
250 123 123 12 II.8 11.4 113 113
500 23.1 23.1 22.6 223 21-7 20.7 19.9**
1000 21.7 223 22 22.1 22.3 23.0** 22.4**
2000 213 21.7 21.6 21.7 21.5 21.4 21.5**
4000 21.6 22.1 21.9 22.1 21.9 21.9 24.0**
8000 17.1 17.2 17.4 17.5 16.9 16 18.4**
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Table C.45 DIL Raw Data, 36 in. Duct Diameter, 1 in. Duct Liner, Manufacturer E
Dynamic Insertion Loss Measurements for the 36 in. Duct Diameter -
1 in. Liner Thickness
dB
M anufacturer £
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 3.1 5.5 0.9 0.3 0.9 3 3 2.8
63 3.2 5.1 13 2.3 1.6 3 2.1
80 1.5 1.4 2.8 2.1 23 1.4 2.5
100 3.1 2.9 3.1 2.3 3.3 1.4 2.4
125 3.7 4.6 2.1 1.5 2 2.5 2.7
160 4 2 43 3.6 3.7 3.1 3.7 3.7
200 4.9 43 53 5.5 5 4.9 5.6
250 6.6 6.5 6.2 6.2 6.2 6.6 6.9
315 7.4 7.5 6.9 6.8 6.5 7 7.1
400 10.9 113 10.7 10.2 9.9 10.7 10.1
500 14.9 14.6 13.9 13.8 13.3 13.4 13.7
630 15.4 15.4 14.6 14.5 14.4 14.8 153
800 18.6 18.4 17.5 17.2 17.1 17 17.3
1000 22.1 22 213 21.2 20.8 21 21.0**
1250 21.1 21.4 20.8 20.8 20.5 21 21.5
1600 23.4 23.7 23.6 23.5 23 233 23.4**
2000 19.1 19.1 19.4 19.3 193 19.7 22.5**
2500 223 223 22.1 21.7 21.1 21.1 20.7
3150 20.4 21.1 20.9 20.5 203 20.5 23.7**
4000 19.8 20.3 20.5 203 19.6 20.1 21.1
5000 17.8 18.2 18.4 17.9 173 17.6 21.5**
6300 12.8 12.8 12.9 12.6 11.7 11.6 12.4
8000 9.4 9.5 10.1 9.8 8.9 8.8 9.8
10000 7.7 7.7 83 83 7 7 3 8.9
1/1 Octave Band ReadinP
63 2.3 3.5 1.9 1.7 1.7 2.6 2.4
125 3.6 3.8 2.8 2.4 2.8 2.5 2.9
250 6.6 6.6 63 6.3 6.1 6 3 6.8
500 12.8 12.8 12.2 113 11.7 123 113
1000 203 203 19.6 193 19.3 193 19.8**
2000 213 213 213 213 21 21.1 21.5**
4000 19.7 203 20.3 193 19.5 19.8 223
8000 11.4 11.4 11.7 11.4 103 10.5 11.3
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Table C.46 DDL Raw Data, 36 in. Duct Diameter, 2 in. Duct Liner, Manufecturer E
Dynamic Insertion Loss Measurements for the 36 in. Duct Diameter -
2 in. Liner Thickness
dB
Manufacturer E
1/3 Octave Band Readings
Frequency Airflow Rate - ft/m in
Hz 0 1000 2000 3000 4000 5000 6000
50 3 4.3 1.8 3.7 1.8 6.2 3.9
63 4.5 4.7 3 3 43 3.8 4.6 3.6
80 4.5 4.1 5.8 43 6.1 3.6 5.5
100 4.4 5.4 53 4.8 4.9 4.5 4.5
125 4.6 5.8 4.1 5.1 4.1 5 5.1
160 5.4 6.1 5.5 6.1 53 5.9 6.5
200 83 7.4 8.1 7.8 7.4 7.1 7.1
250 13 11.8 11.8 11.5 11 11.5 11.1
315 13.6 14 13.1 12.9 12.6 123 12.3
400 193 20 19.7 18.8 18.5 18.3 19.6**
500 25.8 25.8 253 25 25.1 259** 21.1**
630 23.2 23.4 23.1 22.9 23.5 24.5** 19.2**
800 23.9 24 23.8 23.2 24 22.9 21.5**
1000 22.2 22.6 22.5 22.8 23.2 25.4** 20.8**
1250 19.4 20.3 20 20.3 20.6 21 21.5
1600 22 22.7 22.7 22.8 22.8 22.8 23.0**
2000 18.4 18.5 19 193 19.3 19.6 19.7
2500 21.5 21.9 21.7 21.8 21.6 21.3 21
3150 20.8 21.5 21.4 21.3 21.5 21.4 21.7
4000 21.9 22.2 22.9 23 23 23.5 26.3**
5000 21.9 22.4 23.1 22.8 23.5 24.1 24.6**
6300 19 19.3 20.2 20.1 20.4 20.6 20.6**
8000 16.3 16.2 17.8 173 17.5 17.4 16.1
10000 15 14.4 15.7 15.1 15.4 183** 14.9**
1/1 Octave Band ReadinP
63 4.1 4.3 3.9 4.1 4.1 4.7 4.4
125 4.7 5.7 4.9 53 4.8 5.1 53
250 12 11.7 11.4 11.1 10.8 10.7 10.7
500 21.5 22 21.7 21.1 21 209** 20.1**
1000 20.7 21.4 213 21.4 21.8 22.1** 213**
2000 20.7 21 21.1 21.3 213 21.1 21
4000 213 21.8 22.1 22.1 223 223 23.4**
8000 17.9 18 193 19 193 19.4 18.6
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Table C.47 DIL Raw Data, 36 in. Duct Diameter, I in. Duct Liner, Manufacturer F
Dynamic Insertion Loss Measurements for the 36 in. Duct Diameter -
I in. Liner Thickness
dB
Manufacturer F
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 2.7 5.9 1.9 1.5 13 53 35
63 3.7 5.8 3.7 2 3 3 33 3.6
80 4.4 3.5 5.6 43 5 3 3.7 4.8
100 3.8 4.8 4.5 3.9 4.4 4 3.7
125 4.6 6 3.5 3 2.9 3.3 3.8
160 4.4 53 4 3 4.3 3.8 4.1 4.3
200 63 5.1 6.3 6.1 5.8 5.6 5.7
250 7.7 73 7.4 7.1 7 3 7.6 7.2
315 7.8 8.5 7.7 7.4 7 3 7 7.3
400 10.4 11.5 10.9 10.6 9.8 10.1 9.8
500 133 133 12.7 12.4 123 11.9 11.6
630 13.6 13.5 13.3 12.8 12.7 13 123
800 15.8 16 15.3 14.5 14.7 14.5 13.9
1000 18.2 18.3 17.9 17.6 16.8 16.9 163
1250 18.9 19.4 18.7 18.3 183 17.6 17.9
1600 21.8 22 21.4 21.2 20.8 20.4 22.1**
2000 18.9 18.7 18.6 18.4 18.3 18.7 183
2500 21.9 21.5 213 20.7 19.8 19.9 19.5
3150 20.8 20.7 20.3 19.9 19.5 19.7 20.1
4000 20.7 20.5 20.5 203 19.5 19.8 20.3
5000 19 18.8 18.8 18.3 17.7 18 18.7
6300 14.7 14.4 14.6 14.3 13.6 13.7 14.8
8000 12.8 123 13 12.9 12.4 12.5 143
10000 12.3 11.5 12.8 12.7 123 11.5 15.2**
1/1 Octave Band Readings
63 3.7 4.8 4.1 2.9 3.4 3.9 4
125 4 3 53 4 3.7 3.7 3.8 3.9
250 7.4 7.4 7.3 7 6.9 6.9 7
500 11.8 12.4 11.8 11.6 11.1 113 10.8
1000 17.6 17.9 173 16.8 16.6 16.4 16.1
2000 21 20.8 205 203 19.6 19.7 19.6
4000 20.4 20.3 20.1 19.7 193 19.5 193
8000 14 13.6 14 13.8 133 133 14.6
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Table C.48 DIL Raw Data, 36 in. Duct Diameter, 2 in. Duct Liner, Manufacturer F
Dynamic Insertion Loss Measurements for the 36 in. Duct Diameter -
2 in. Liner Thickness
dB
Manufacturer F
1/3 Octave Band Readings
Frequency AM ow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 6.9 8 5.1 1.3 5.5 4 2.4
63 5.7 6.9 5.1 2.8 5.5 4 3.7
80 4.5 4.1 5.3 5.7 4.9 3.6 5.3
100 6.2 6.5 6 5 5.8 4.5 3.9
125 6.6 73 6.3 4.3 6.5 5.1 5
160 11 6.8 6.9 5.7 6.6 5.4 6.6
200 7.9 7.5 7.9 8.1 7.4 7.3 8.4
250 10.9 10.4 10.5 10.6 103 103 10
315 12.4 12.5 12.2 11.6 11.5 11 11.1
400 17.5 18.1 17.7 16.8 16.7 16.5 193**
500 22.4 22.4 21.9 21.4 21 20 20.8**
630 20.4 20.6 20.3 19.7 19.9 19.1 19.3**
800 22.5 22.4 21.8 213 21 20.1 21.5**
1000 22 22.2 22 22 21.5 21.1 21.0**
1250 19.6 20 19.7 19.9 19.7 19.9 20.9
1600 22.3 22.4 22.6 22.5 22.3 21.9 23.3**
2000 18.4 18.7 18.9 18.8 193 193 22.5**
2500 21.2 21.3 21.4 21.1 20.8 20.6 20.6
3150 203 20.6 20.6 20.4 20.4 20.4 213
4000 21.5 21.7 22.3 22.1 22.1 22.4 23.6
5000 21.7 223 22.7 22.4 22.5 22.7 25.1**
6300 19.9 203 20.6 20.5 20.3 19.8 21.8**
8000 173 17.6 18.3 183 17.9 16.9 20.4**
10000 15.3 15.3 16 15.8 15 14 16.7**
1/1 Octave Band ReadinP
63 5.3 5.9 53 3.6 5.2 3.9 3.9
125 6.6 6.8 63 4.9 63 5 5.1
250 10.8 10.7 10.6 103 lO.l 10 103
500 19.4 19.7 193 18.6 183 18 19.8**
1000 20.6 20.9 20.5 20.6 20.4 20.1 21.0**
2000 20.6 20.7 20.9 20.7 20.6 203 21.4**
4000 20.8 213 21.4 213 213 21.4 22.5
8000 18.8 19.1 19.6 193 193 183 21.0**
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Table C.49 DIL Raw Data, 42 in. Duct Diameter, 1 in. Duct Liner, Manufacturer A
Dynamic Insertion Loss Measurements for the 42 in. Duct Diameter -
1 in. Liner Thickness
dB
Manufacturer A
1/3 Octave Band Readings
Frequency Airflow Rate - ft/m in
Hz 0 1000 2000 3000 4000 5000 6000
50 4.3 1.8 2.5 3.3 2.6 4.4 2.8**
63 2.3 0.5 0.7 1.5 1.5 3.6 0.1
80 1 0.9 0 0.5 0.4 -0.8 0.6
100 -03 03 0.1 -0.7 -0.4 -0.3 0.1
125 0.3 -0.4 0.1 -03 0.8 1.7 13
160 1.9 1 1.5 1.2 1.6 13 0.7
200 2.5 2.3 2 3 2.2 1.6 1.6 13
250 4.2 4 3.7 3.6 4.3 3.6 3
315 4.6 4.3 4.3 4.1 4.5 4 3.4
400 8.6 8.4 83 7.7 7.6 7.6 7.4
500 11 11 10.7 9.9 10.3 9.6 10
630 11 11.1 11.1 103 10.4 lO.I 10.5
800 12.8 12.5 12.1 11.9 11.6 11.3 11.9
1000 14.1 13.9 13.4 13.3 13.4 13.6 16.2**
1250 16.9 16.8 16.4 15.9 15.6 14.8 153
1600 19.5 19.5 18.8 18.6 18.3 17.6 18
2000 18.6 18.9 18.9 18.6 18.5 173 18
2500 18.8 18.8 18.2 17.9 17.7 16.4 173
3150 183 18.3 17.6 17.7 17.6 16 173
4000 173 17.4 16.5 16.6 163 13.6 15.9
5000 16.1 16 14.8 14.6 14.3 11.1 14.1
6300 143 14 12.7 133 12.1 7.7 11.6
8000 153 15.2 13.6 14.4 13 8.1 12.6
10000 15.6 15.3 13.8 143 13.1 7.3 15.0**
I/I Octave Band Readings
63 2.1 0.9 1.1 1.4 13 1.8 1
125 0.5 03 0.5 0.1 0.7 0.9 0.7
250 4 3.8 3.7 3.6 3.9 3.4 2.8
500 9.8 9.8 9.6 9 9.2 8.8 9
1000 14.7 14.6 14.2 13.9 13.6 133 14.1**
2000 18.8 18.9 18.5 183 18 16.8 17.6
4000 17.4 17.5 16.6 16.7 16.4 13.9 16.1
8000 14.5 143 12.9 13.6 12.4 7.8 12.1
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Table C.50 DIL Raw Data, 42 in. Duct Diameter, 2 in. Duct Liner, Manufacturer A
Dynamic Insertion Loss Measurements for the 42 in. Duct Diameter -
2 in. Liner Thickness
dB
Manufacturer A
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 4.2 0.8 5.1 1.4 3.8 2 2.5**
63 2.4 1 23 0.1 1.4 0.7 6.0**
80 0.7 2.1 -0.5 2 3 1.6 0.4 2.8
100 -0.1 -0.4 0.1 -1.1 -0.5 -0.4 -1.1
125 1.4 -0.4 1.7 -1 0.5 0 3 0.3
160 3.1 1.8 3.1 1 2.7 1.5 1.9
200 53 53 4.8 5 3 4.4 4.3 5.1
250 9.7 9.4 8.6 8.8 8.7 7.9 83
315 12.6 12 12.1 10.9 11.5 113 9.9
400 183 17.6 173 16.9 16.5 163 16.0**
500 19.7 19.6 19.3 18.8 18.9 19.1 18.5**
630 15.9 15.9 15.9 15.7 15.7 16.9 15.6**
800 15.5 15.6 153 153 15.5 15.5 173**
1000 15.6 15.8 15.4 15.5 15.9 16.8 173**
1250 15.6 15.8 15.6 15.1 15.1 15.6 16.1
1600 18.6 18.9 18.5 183 18.3 17.9 18.3
2000 163 16.8 17 16.9 17.3 17 17.7
2500 16.5 16.6 163 163 16.1 16.2 16
3150 15.9 163 15.7 16 16.3 16.6 16.6
4000 16 16.5 16.1 163 16.5 16.9 17
5000 15.7 16.1 15.4 153 15.5 15.5 15.6
6300 123 12.1 11 11 10.8 10.5 10.6
8000 11.7 11.7 10.4 10.4 10.3 10 103
10000 10.9 10.5 8.9 93 9 9 93
1/1 Octave Band ReadinP
63 1.9 1.4 1.9 1.4 2 1 3.4**
125 13 03 1.5 -0.4 0.8 0.4 03
250 9.5 93 8.9 8.7 8.7 8 3 83
500 183 17.9 17.7 173 173 17.4 16.9**
1000 153 15.7 15.4 153 15.4 15.8 16.7**
2000 16.7 16.9 16.7 16.7 16.8 16.7 16.9
4000 15.9 163 15.7 15.9 163 16.5 16.5
8000 11.9 11.8 10.6 10.7 105 103 10.4
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Table C.51 DIL Raw Data, 42 in. Duct Diameter, 1 in. Duct Liner, Manufacturer B
Dynamic Insertion Loss Measurements for the 42 in. Duct Diameter -
1 in. Liner Thickness
dB
Manufacturer B
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 0.7 -0.6 2.4 2.1 1.8 1 0.4
63 0.7 0.5 0 -03 0.9 0.4 0.4
80 0.1 0.1 -1.3 0.4 0 0 03
100 0.3 1 0.4 03 0.5 03 0.7
125 0.8 0.9 1 0.3 1.6 0.7 2.4
160 13 1.3 13 1.1 1.9 1.1 1
200 2.3 1.9 1.5 1.6 1.6 1.8 1.7
250 2.7 3 2.1 2.4 3.5 3.3 2 5
315 3.3 3.8 3.3 3.1 3.7 33 3.4
400 8.6 8.5 8 7.8 8 3 8.3 7.8
500 13.7 13.2 12.9 12.6 133 12.9 12.4
630 14.5 14.7 13.8 13.4 143 14.5 13.5**
800 15.8 15.6 15.1 15 15.6 15.6 15.7**
1000 16.9 17 16.7 16.6 17.3 203** 16.1**
1250 18.7 18.8 18.5 18.1 18.7 18.6 19.3**
1600 20.7 20.4 20.8 20.6 20.5 20.7 20.9**
2000 20.4 21.4 213 20.7 21.4 213 22.5**
2500 20.2 20.9 20.7 203 20.7 21 20.4
3150 20.4 213 20.8 20.7 21.9 22.7 23.8**
4000 21.6 22.5 22.3 223 23.5 243 24.8**
5000 22 23.1 22.5 22.5 275** 27.4** 23.0**
6300 20.3 21.3 20.1 20.4 223 25.0** 203**
8000 19.9 20.8 19.6 19.7 21.6 24.6** 19.6**
10000 19.5 20.4 18.6 18.6 20.8 22.1** 15.5**
1/1 Octave Band Readings
63 0.4 0 03 0.6 0.7 0.4 03
125 0.7 1 0.8 0.5 1.4 0.7 1.4
250 2.9 3.1 25 2.5 3.3 3 2.8
500 10.9 10.8 10.4 103 10.9 10.8 103
1000 17.3 173 16.9 16.7 173 17.8** 173**
2000 203 20.9 20.8 20.4 20.8 21 21.0**
4000 21 21.9 21.5 215 23.1 23.8 24.0**
8000 20.1 21.1 19.8 20.1 21.9 24.6** 19.7**
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Table C.52 DIL Raw Data, 43 in. Duct Diameter, 1.5 in. Duct Liner, Manufocturer B
Dynamic Insertion Loss Measurements for the 43 in. Duct Diameter -
1.5 in. Liner Thickness
dB
Manufacturer B
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 3 9.8 33 3.4 3.8 3.7 6.3**
63 2.4 2.9 2 1.8 3.5 2.3 3.6**
80 1.1 0.4 0.3 1.4 0.9 0 3 1.4
100 0.1 4.2 -0.2 -0.7 -1.4 0.5 -0.1
125 0.7 4.9 0.4 -0.5 0.5 1.4 1.8
160 1.9 4.3 2 3 1.3 1.4 2.5 13
200 3.2 2.1 3 3.1 2.8 2.8 2.5
250 5.9 4.1 53 5.4 5.4 5.7 4.7
315 10.3 3.5 9.8 9.5 9.3 9.9 8.8
400 19.8 7.4 18.8 18.5 18 17.4 15.0**
500 22.7 9 3 22.4 21.6 22.1 223** 17.0**
630 19.5 8.8 19.8 19.3 19.5 20.0** 14.1**
800 17.9 10.8 17.6 17.4 17.7 17.9 163**
1000 18.1 12.3 18.5 18.6 18.8 21.0** 163**
1250 18.6 14.8 19.1 18.7 19 19.1 19.5**
1600 20.9 16.7 20.6 20.4 20.5 203 20.9**
2000 19.7 16.8 20.7 20.4 20.1 20.3 19.5
2500 203 17.4 20.5 20.6 20.4 20.8 20.1
3150 20.1 17.4 20.5 20.6 21 22 23.4**
4000 20.8 17 21.5 21.5 21.9 22.6 21.4
5000 20.9 15.8 21.5 21.8 22 22.4 22.5**
6300 18.8 12.9 19 19.4 19.4 19.7 16.9
8000 18 12.6 17.9 183 18.1 183 15.9
10000 17.4 13 16.6 17 17 16.6 12.1
1/1 Octave Band Readings
63 1.9 2.1 1.8 2 2.3 1.8 3.1**
125 0.8 4.4 0.7 0 03 1.5 1
250 6.7 3.4 6.4 63 63 6.5 5.6
500 20.7 83 20.3 19.8 19.8 19.5** 15.6**
1000 183 12.8 18.5 183 18.6 19.1** 173**
2000 20.1 17.1 203 20.5 203 20.6 20
4000 20.4 165 21 21.1 213 223 22.4
8000 18.4 12.8 183 18.9 18.8 19.1 16.1
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Table C.53 DEL Raw Data, 42 in. Duct Diameter, 1 in. Duct Liner, Manufacturer C
Dynamic Insertion Loss Measurements for the 42 in. Duct Diameter -
1 iiL Liner Thickness
dB
Manufacturer C
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 33 0.7 5.4 1.7 13 3.6** 1.6**
63 2.1 0.3 2.7 0.3 0.6 1.9 1.7
80 0.4 1.6 -0.6 1.9 1.4 0.6 2.6
100 -0.5 -0.1 -0.1 -0.7 -0.3 -0.9 -0.6
125 0.7 -0.6 1.1 -13 -03 -0.5 -03
160 1.4 0.6 1.7 0.3 1.3 0.7 1
200 2.3 23 1.7 2.2 1.9 1.6 23
250 3.4 3.3 3.1 3.1 3.8 3.4 3.3
315 4.4 4.1 4.5 3.9 4.3 3.9 3.8
400 83 8 7.9 7.5 7.5 7.4 73
500 10.3 9.9 9.9 9.1 9.9 9.4 9.7
630 11.6 11.5 11.4 10.9 11.4 11.4 13.8**
800 13.2 12.9 12.6 123 12.9 12.5 13
1000 15.5 15.4 15.1 15.1 153 15.4 17.0**
1250 17.6 17.7 17.3 173 17.4 17.5 19.8**
1600 20.1 20.2 19.6 19.5 19.7 19.7 21.4**
2000 193 19.9 20.1 203 20.6 20 22.8**
2500 19 19.4 18.9 193 19.5 19.1 19.6
3150 18.4 19 18.4 19.1 203 20 23.3**
4000 183 18.5 183 18.6 19.9 19.4 20.7
5000 17.1 17.3 16.9 173 18.6 17.7 21.7**
6300 13.7 13.6 13.1 13.8 15.1 143 15.9
8000 12.5 12.7 123 12.8 14.3 13.5 18.3**
10000 11.9 11.9 113 12 14.4 13.7 15.9**
1/1 Octave Band Readings
63 1.6 0.9 2 1.4 I .l 1.9 2
125 0.5 -0.1 0.8 -0.6 0.2 -0.3 0
250 3.6 3.4 33 33 3.7 33 33
500 9.4 93 9 3 8.7 9.1 8.8 9.1
1000 15.5 15.4 15.1 14.8 153 15 163**
2000 193 19.6 19.3 19.5 19.8 19.4 20.6**
4000 18.1 18.5 18 18.6 19.8 193 21.8
8000 133 133 12.7 13.4 14.8 13.9 163**
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Table C.54 DIL Raw Data, 42 in. Duct Diameter, 2 in. Duct Liner, Manufacturer C
Dynamic Insertion Loss Measurements for the 42 in. Duct Diameter -
2 in. Liner Thickness
dB
Manufacturer C
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 3.7 2.5 3.1 2.9 1.4 4.5 3.1**
63 1.9 1.1 0.7 0.5 1.8 2.3 1.4
80 0.7 0.4 0 1.1 1.5 -0.5 0.3
100 -0.3 03 -0.5 -1 -0.5 -0.2 -0.5
125 0.3 13 0.8 -0.7 0.6 2 -03
160 2.5 2.7 2.1 1.8 1.9 2.5 1.3
200 5.5 5 4.6 4.9 4.5 4 4.4
250 8.8 8.8 8.1 8.5 8.3 8.5 73
315 13 12.8 12.4 12 11.6 12 10.4
400 21.4 21.2 203 19.6 19.4 19.4 16.5**
500 23.9 23.8 23.5 23 23.4 24.3** 18.7**
630 19.3 19.2 19.7 19.4 19.6 21.8** 15.9**
800 18.1 18.1 17.9 17.8 18.1 18.1 17.6**
1000 17.3 17.5 17.6 17.8 18.3 18.7 17.8**
1250 17.6 17.8 17.9 17.9 17.8 18 20.5**
1600 20.4 20.7 20.6 20.6 20.4 20.4 22.1**
2000 183 18.9 19.5 19.5 19.7 19.5 19.9
2500 18.9 19.3 19.3 19.7 19.4 20 19.6
3150 19 193 19.1 19.7 20 20.7 21.2
4000 19 19.4 19.7 20.3 20.7 21.3 21.7
5000 18.9 193 193 19.7 20.2 20.5 203
6300 15.9 16.2 15.9 16.5 16.7 16.9 16.9
8000 14.7 15.1 14.8 15.4 15.6 16 15.9
10000 13.7 13.7 133 14 14.4 14.6 16.0**
1/1 Octave Band ReadinP
63 1.7 1 13 1.3 1.6 1.6 13
125 0.7 13 0.7 -0.1 0.7 1.4 0 3
250 9.3 9.1 8.8 8.8 8.6 8.5 7.7
500 21.7 213 213 20.8 20.8 21.4** 173**
1000 17.6 17.8 17.8 17.9 18 183 18.8**
2000 18.9 19.4 19.5 19.8 19.7 19.9 20.1
4000 18.9 193 19.3 19.9 203 20.9 213
8000 153 15.7 15.4 16 163 16.4 16.5
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Table C.55 DIL Raw Data, 42 in. Duct Diameto, 1 in. Duct Liner, Manufacturer D
Dynamic Insertion Loss Measurements for the 42 in. Duct Diameter -
1 in. Liner Thickness
dB
Manufacturer D
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 2.4 2.4 5.7 3.6 1.9 2.9 33**
63 0.8 1 2.4 13 03 1.5 1.7**
80 0.9 0.5 -0.7 1 1 0.8 1.4
100 -0.9 -0.7 -0.7 -1.1 -2 -1 -1
125 -0.9 0 0.7 -0.4 -1 -03 -0.4
160 0.1 0.7 1.4 0.8 0.8 0.4 1.1
200 2 3 2 1.8 2.5 2 1.7 1.9
250 2.9 3 3 3.1 2.9 3.3 2.7
315 3.6 4.1 4.5 4.1 3.5 3.9 3.6
400 6.8 7.1 7.1 6.6 6.3 6.7 6.4
500 9.1 9.2 9 8.6 8.5 8.4 8.7
630 9.5 9.7 9.9 9 8.7 9.1 9.3
800 11.7 11.4 11.1 10.9 10.9 11 11.6
1000 13.6 13.5 13.3 12.9 13 133 16.2**
1250 15.7 163 16 15.3 14.9 15.1 153
1600 193 19 18.7 18.4 17.9 17.9 18.2
2000 18 18.5 18.8 18.6 18.3 18 18.4
2500 18.1 18.2 18.1 17.8 17.6 17.4 17.5
3150 17.3 17.7 17.5 17.5 17.7 17.9 183
4000 16.3 16.9 17 16.9 16.8 16.9 17.5
5000 14.7 15.4 15.1 15 14.7 14.8 15.4
6300 11.3 11.7 11.6 11.5 113 11 12
8000 10.1 10.9 10.9 10.9 10.6 10.5 11.9
10000 9.1 10 10 10.1 9.9 10.1 11.7
1/1 Octave Band Readings
63 13 1 1.9 1.6 1 1.7 1.9**
125 -0.6 -O.I 0.4 -03 -0.8 -03 -0.1
250 3 3.3 3.4 3.4 3.1 3.3 3
500 8 83 83 7.8 7.6 7.8 7.8
1000 13.7 13.8 13.5 13.1 13 13.1 14.0**
2000 183 18.4 18.3 18.1 17.8 17.7 17.9
4000 16.4 16.9 16.8 16.8 16.7 16.9 173
8000 10.7 113 113 113 10.9 10.8 11.9
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Table C.56 DIL Raw Data, 42 in. Duct Diameter, 2 in. Duct Liner, Manufacturer D
Dynamic Insertion Loss Measurements for the 42 in. Duct Diameter -
2 in. Liner Thickness
dB
Manufacturer D
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 3.5 1 6.5 4 4.1 1.5 03
63 3 13 3 1.8 2.8 1.1 0.7
80 1.4 2.4 0.3 1.2 0.6 -03 1.8
100 -0.5 -03 0.6 -0.6 -03 0.4 -0.1
125 0.4 -0.6 23 0.6 2 13 0.4
160 2.7 1.7 4 2.9 2.9 2.9 1.4
200 5.6 5.3 4.9 4.9 4.3 4.3 4.5
250 8.5 8.4 8.1 8 8 7.3 6.5
315 93 9 3 9.5 9 8.9 8.7 8.2
400 15.6 15.5 153 14.6 14.4 14.7 153**
500 19.5 19 193 18.5 18.6 19 17.8**
630 16.5 16.6 16.6 16.3 16.2 19.6** 15.0**
800 16 16.1 15.7 15.4 15.8 15.9 16.7**
1000 16.2 16.6 16.4 16 16.5 17.3 16.8**
1250 16.3 16.7 16.8 163 163 16.6 193**
1600 193 193 19.1 18.8 18.7 18.5 21.0**
2000 17.5 18.1 18.4 18 183 18 18
2500 17.6 17.7 17.4 173 16.9 17 16.8
3150 17 173 16.9 16.9 17.1 17.5 17.4
4000 17.3 17.7 17.7 17.3 17.7 183 18
5000 17.5 18 17.8 17.4 17.7 18 17.7
6300 15.1 15.5 153 14.7 14.6 14.6 14.6
8000 13.5 13.9 13.4 12.7 12.5 12.7 12.5
10000 12 12.1 11.3 10.8 10.5 11 10.4
1/1 Octave Band Readings
63 2.3 1.6 2.8 2 2 0.7 0.9
125 0.7 O.I 2.1 0.8 1.5 1.5 0.6
250 8.1 8 8 7.7 7.5 73 6.8
500 17 16.9 16.8 163 163 16.9 16.1**
1000 16.1 16.5 16.4 16 16.1 16.5 17.8**
2000 17.8 18 17^ 17.6 17.6 17.5 17.7
4000 17.1 17.5 173 17.1 17.4 17.8 17.7
8000 14.3 14.7 143 13.8 13.6 13.7 13.5
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
148
Table C.57 DIL Raw Data, 42 in. Duct Diameter, 1 in. Duct Liner, Manufacturer E
Dynamic Insertion Loss Measurements for the 42 in. Duct Diameter -
1 in. Liner Thickness
dB
Manufacturer E
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 2.1 -2.3 03 0.1 -0.5 03 -0.9
63 1.7 •0.8 -13 -2.5 0.4 -03 0.3
80 0.6 0.5 -1 0.4 0.5 0.1 0.6
100 1 -03 0.3 -0.4 -0.9 -0.1 -03
125 1.6 -0.7 0.7 -0.7 -0.6 03 0.4
160 1.7 0.1 1 0.6 0.5 0.9 0.4
200 2.4 2.1 1.4 1.9 1.5 1.7 13
250 3 2.1 1.6 23 23 2.7 1.8
315 3.8 3 3.4 3.1 2.6 2.9 2.4
400 7.3 6.6 6.4 6.1 5.7 6 3 5.5
500 9.4 8.9 8.7 8.4 8.4 8.4 8
630 10.4 9.9 10.1 9 3 9.3 9.6 8.6
800 123 11.8 11.5 11.3 11.4 11.3 10.7
1000 14.4 14.1 13.6 13.6 13.1 13.6 13.1
1250 16.9 16.6 163 15.7 15.5 15.7 15
1600 19.8 19.6 19 18.8 18.6 18.4 173
2000 19.1 193 19.1 19.1 18.9 18.8 18.1
2500 193 18.9 18.4 18.5 183 18.4 17.7
3150 193 18.6 18.1 18.3 18.4 19.1 18.6
4000 193 18.4 17.9 18 17.9 18.4 17.9
5000 18.4 173 163 16.4 16.4 16.5 15.9
6300 14.8 13.1 123 12.6 12.1 12.4 11.9
8000 14 12.6 11.6 12.1 11.4 12 11.4
10000 14.2 123 11.1 11.8 113 12 10.5
1/1 Octave Band ReadinP
63 1.3 -0.7 -0.6 -0.6 0 3 0 0
125 1.4 -0.3 0.6 -0.2 -03 03 0.3
250 33 2.5 2.4 2.5 2.3 2.6 2
500 8.5 7.9 7.8 7.5 7.3 7.6 7
1000 14.6 14.2 13.9 13.6 13.4 13.5 12.9
2000 193 19 18.7 18.7 18.4 18.5 17.7
4000 19 183 17.6 17.8 17.8 183 17.7
8000 14.5 12.9 I I J 12.4 11.8 123 11.7
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Table C.58 DIL Raw Data, 42 in. Duct Diameter, 2 in. Duct Liner, Manufacturer E
Dynamic hisertion Loss Measurements for the 42 in. Duct Diameter -
2 in . Liner Thickness
dB
Manufacturer E
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 4.5 1.3 5.5 13 1.6 3.9 2.1**
63 2.9 0.1 3.1 0 0.5 1.4 -0.7
80 0.8 23 -03 2 13 0.1 2.7
100 0.1 -0.8 -0.1 -0.9 -0.8 -03 03
125 0.9 -0.7 2 -1.1 0 1.4 1.1
160 2.4 1.1 2.9 1.3 2 3 2 1.8
200 4.8 4.6 4.1 4.6 3.9 3.9 4.1
250 8.8 8 8 7.4 7.4 7.6 6.6
315 9.4 9 9.5 8.5 8.7 8.7 83
400 15.8 15.7 15.7 15 14.7 14.9 153**
500 18.4 18.5 18.5 17.8 18.1 18.2 17.7**
630 16.4 163 16.5 15.8 163 16.8 15.1**
800 16.1 15.7 15.5 153 15.6 15.5 16.7**
1000 16.3 16.4 163 16.3 16.6 17.4 17.0**
1250 16.8 16.7 16.9 16.5 16.4 17 19.5**
1600 19.5 19.3 19.1 18.8 18.9 19 21.0**
2000 17.6 183 18.5 18.3 18.5 183 18.4
2500 18.1 18.1 17.7 17.7 17.6 17.8 17.8
3150 18 18.1 17.8 17.9 18.5 18.8 193
4000 18.7 19 19 193 20 20.4 21.1
5000 193 19.6 193 19.9 20.6 20.7 233**
6300 173 173 16.7 173 17.6 17.1 20.5**
8000 163 16 153 15.5 15.8 15.6 163
10000 15.3 14.7 13.7 14.3 14.8 14.3 16.6**
1/1 Octave Band Readings
63 2 3 13 2.4 13 1 1.5 13
125 1 -03 1.5 -03 0.4 1 1.1
250 8 7.6 7.7 7 3 7 3 7 3 6.7
500 16.8 16.7 16.9 163 163 16.5 163**
1000 16.4 163 16.3 16 163 16.6 17.9**
2000 18.1 183 18.1 18 18.1 18.1 18.5
4000 18.4 18.6 18.4 18.7 193 19.7 20.4
8000 16.8 16.6 16 16.4 16.8 16.4 18.5
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Table C.59 DEL Raw Data,42 in. Duct Diameter, 1 in. Duct Liner, Manufacturer F
Dynamic Insertion Loss Measurements for the 42 in. Duct Diameter -
1 in. Liner Thickness
dB
ManufocturerF
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 2.9 -1 6.9 3.1 2.1 53** 1.9**
63 1.5 -0.8 3.4 0.7 2 3.1 23**
80 1.6 2 0.1 1.4 -0 3 -0.1 0.9
100 12 1.4 1.9 1 0 3 2 1.9
125 1.4 0.4 23 0.4 1.8 2.9 2 3
160 1.6 0.9 2.7 1.9 1.8 2 13
200 2.9 2.8 2.5 2.9 2 2.1 1.8
250 3.1 3.8 3.7 3.5 3.6 3.9 2.3
315 43 3.8 4.5 4.3 4 4.4 3.1
400 7 6.8 6.3 6.5 6 6.5 5.8
500 9 2 8.7 8.3 8.4 8.4 83 8 3
630 9 8.9 8.6 8.1 8.4 8.5 7.7
800 10.4 10.3 9.8 9.8 9.7 9.4 9.6
1000 12.3 12.4 11.7 11.5 113 11.1 11.4
1250 14.4 14.4 143 13.7 13.8 13.4 133
1600 17.4 16.9 163 16.5 16.5 16 15.6
2000 17 17.6 173 17 17.3 16.9 16.7
2500 17.7 18 16.3 16.9 16.7 16.7 16.5
3150 173 18.4 16.1 17.3 17.6 173 17.6
4000 17.1 18.5 15.6 17.3 17.7 173 173
5000 15.8 17.5 13.9 16 16.4 15.8 153
6300 12.6 14.8 10.1 133 13.8 12.7 12.4
8000 12 14.7 9.4 133 13.9 12.6 123
10000 12.4 15.4 9.4 13.8 14.6 113 103
1/1 Octave Band ReadinP
63 1.8 0 3 2.9 1.6 1 23 1.6**
125 1.4 0.8 2 3 1.1 1.3 2.3 1.8
250 3.6 3.6 3.8 3.7 3.5 3.8 2.6
500 8.1 7.8 7.4 73 7.4 7.5 7.1
1000 12.4 12.4 12 11.8 11.7 11.4 11.4
2000 17.4 17.6 16.5 16.8 16.8 16.6 16.4
4000 16.9 183 15.4 17.1 17.4 17.1 17
8000 12.4 14.7 9.8 133 13.8 123 123
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Table C.60 DIL Raw Data, 42 in. Duct Diameter, 2 in. Duct Liner, Manufacturer F
Dynamic Insertion Loss Measurements for the 42 in. Duct Diameter -
2 in. Liner Thickness
dB
Manu&cturer F
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 4 2.6 5 3 33 2.5 5.5** 1.6
63 3.7 2 43 0.8 2 3.6 0.8
80 1.7 0.9 0.1 1.8 0.9 0.1 1.7
100 1.6 1.5 1.8 0.9 0.7 1.1 1.5
125 2.3 13 3.1 0.7 1.9 2 1.6
160 3 3 2.9 3.7 1.9 2.5 2.7 2.9
200 5.6 53 5 3 4.9 4.6 5 4.8
250 93 8.9 8.4 8.7 8.1 8.5 7.6
315 11.8 113 11.1 10.4 9.9 9.9 9.7
400 17.4 17 16.4 16 15 15.9 153**
500 18.5 17.9 17.8 17.1 17.2 17.4 17.8**
630 15.6 15.4 15.5 14.5 14.9 153 14.9**
800 15.1 14.9 14.8 14.5 143 14.8 16.5**
1000 15.3 153 153 15.2 15.1 15.6 16.7**
1250 15.5 15.5 15.3 153 14.9 14.8 153
1600 18.4 18.4 18 17.9 17.9 17.4 173
2000 163 16.8 173 17 17 173 17.1
2500 16.4 16.5 163 16 15.7 16 16.1
3150 16.1 16.4 16.2 16.1 163 16.7 17.1
4000 16.6 17 17.1 173 17.2 17.8 18.3
5000 17.1 17.5 17.5 17.7 17.6 18.3 18.7
6300 15 153 15 15.1 14.6 14.9 15.4
8000 13.6 13.5 13 12.9 12 12.5 12.8
10000 11.9 11.6 10.9 10.9 9.9 10.8 13.6**
1/1 Octave Band Readings
63 2.8 1.5 2.8 1.9 1.6 2.5 1.4
125 2.3 2 2.8 13 1.7 2 2
250 9.2 8.9 8.7 8.4 8 8.3 7.8
500 17.4 16.9 16.7 16.1 15.9 16.4 16.3**
1000 153 153 15.1 15 14.7 14.9 16.0**
2000 16.6 16.8 16.7 16.5 16.4 16.6 16.6
4000 16.4 16.7 16.7 16.7 16.8 173 17.8
8000 14.3 14.4 14 14.1 133 13.7 143
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Table C.61 DIL Raw Data, 48 in. Duct Diameter, I in. Duct Liner, Manufacturer A
Dynamic Insertion Loss Measurements for the 48 in. Duct Diameter -
I in. Liner Thickness
dB
Manufacturer A
1/3 Octave Band Readings
Frequency
Hz
Airflow Rate -  ft/min
0 1000 2000 3000 4000 5000 6000
50 -1.3 -0.4 0 0.9 0.5 1.9**
63 0.4 -1.1 1.3 1.8 0.1 1.5**
80 1.5 1.1 0.8 0.6 1.8 1
100 1.6 1.8 0.7 1.1 1 1.6
125 0.6 13 1.8 1.6 1.1 1.1
160 1.6 1.5 13 1.6 1.8 03
200 2.1 2 1.8 2.3 2.4 13
250 3.8 33 2.9 2.9 3.1 33
315 4.5 4.1 4.1 3.7 3.8 3.5
400 6.4 6.5 6.1 5.9 5.6 5.4
500 8.5 8.2 7.9 7.7 7.6 7.9
630 9.1 8.6 8.6 83 8.6 7.6
800 10.2 9.8 9.6 9.6 9.5 9.7
1000 12.6 123 12.1 11.8 11.8 11.6
1250 15.4 15.4 15.3 153 15.1 14.9
1600 19.1 18.6 183 17.4 16.9 16.4
2000 17.8 17.9 17.9 17.6 17.9 18.1
2500 16.9 16.3 163 16.1 16.3 16.2
3150 16.8 163 16.3 16.3 16.5 16.6
4000 15.4 14.7 14.9 14.6 14.5 14.5
5000 133 12.6 12.6 123 123 12.1
6300 113 10.6 10.6 103 103 10.1
8000 11.9 11 113 11.1 11.1 10.7
10000 11.9 10.9 11.3 11.4 11.7 11.4
1/1 Octave Band ReadinP
63
125
250
500
1000
2000
4000
8000
0 3
13
3.8
73
12.5
17.5 
153 
11.4
-03
13
3.4
7.4 
123 
17.1
14.7
10.7
0.6
1.3
33
7 3
12
17
14.7
10.8
1.1
1.5
3 3
7
12
16.8
143
10.6
0.8
13
33
6.9
11.9 
16.8
14.6
10.7
I.5** 
1
3.1
6.8
II.8  
16.7 
14.5 
10.4
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Table C.62 DIL Raw Data, 48 in. Duct Diameter, 2 in. Duct Liner, Manufacturer A
Dynamic Insertion Loss Measurements for the 48 in. Duct Diameter -
2 in. Liner Thickness
dB
Manu&cturer A
1/3 Octave Band Readings
Frequency
Hz
Airflow Rate - ft/min
0 1000 2000 3000 4000 5000 6000
50 -1.1 0.6 -03 0.1 0.1 1.9**
63 0.3 1.8 0.1 13 0.5 5.3**
80 2.6 1.5 1.2 1.8 1.9 2.1
100 1.5 1.6 2 1.5 1.8 1.9
125 1.3 1.7 2.8 1 1.9 1.9
160 3 2.7 3 2.3 2.8 2.1
200 5.1 4.5 4.1 4.7 4.5 4
250 8.6 7.7 7 7 6.9 6.7
315 11.7 11.4 11.1 10.3 10.6 9.9
400 16.1 16 153 15.1 153 14.7**
500 16.5 163 16.1 16 16.2 16.7**
630 153 153 153 15 15.1 14.8**
800 12.5 12.3 12.2 12.3 11.9 13.1
1000 14.7 14.9 153 15.3 15.7 16.9**
1250 15.5 16 16.4 16.8 16.9 193**
1600 18.7 18.9 18.5 17.9 173 17.3
2000 16.8 173 173 17.1 17.5 17.9
2500 15.5 153 15.1 15.2 15.5 15.4
3150 15.7 15.7 15.5 15.6 163 16.5
4000 16.3 16.1 163 16.3 16.6 16.7
5000 15.7 15.6 15.5 153 15.5 15.5
6300 12.8 12.4 12.1 11.9 12 12
8000 12.6 12.1 11.7 11.7 11.8 11.9
10000 11.8 113 10.5 10.7 113 11.7
1/1 Octave Band Readings
63
125
250
500
1000
2000
4000
8000
0.6
1.8
9
16
14.1
16.4
15.9
12.6
13
1.9 
8.4
15.9 
143 
163 
15.8 
123
03
2.6
8
15.5
14.4
163
15.7
11.8
1.1
1.6
7.7
15.4
14.6 
163 
15.8
11.7
0.8
2 3
7.8
15.5
14.5 
16.4 
163 
11.9
2.8**
2
7.3
15.5**
15.9**
16.5
163
11.9
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Table C.63 DEL Raw Data, 48 in. Duct Diameter, I in. Duct Liner, Manufacturer B
Dynamic Insertion Loss Measurements for the 48 iiL Duct Diameter -
1 in. Liner Thickness
dB
Manufacturer B
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 -0.9 1 0.5 -0.9 5.1 1.5
63 0.4 0.4 -03 1.8 2.6 23**
80 1.4 1.2 -03 1.6 0.6 1
100 1.9 2.1 1.3 0.4 1.7 0.7
125 0.7 1.3 1.6 0.4 2.6 I
160 1.7 2 1.4 0.5 2.8 1.4
200 1.8 1.6 1.6 2.1 1.8 1.3
250 3.4 3.1 2.9 2.9 2.6 2.6
315 4.3 4.4 3.9 3.7 4.2 3
400 8.9 8.9 83 83 8 7.4
500 12.1 11.9 113 11.4 11.5 l l .l
630 12.6 12.6 12.3 123 123 13.5**
800 12.4 12.3 12.4 12.5 12.4 12.8
1000 153 15.4 153 15.4 153 16.4**
1250 17.1 17.4 173 17.7 17.8 18.9**
1600 21.4 21.4 20.7 19.8 19.1 18.9
2000 193 19.8 19.8 19.9 203 22.6**
2500 18.9 18.8 18.5 18.5 18.9 19.1
3150 19.5 19.4 19.1 19.4 19.7 20.4
4000 20.5 20.3 20.6 20.8 20.5 20.5
5000 19.6 19.8 19.5 19.4 193 19.3
6300 18.5 18.5 18.2 18 17.4 17.3
8000 17.7 17.5 17.4 17.3 16.7 16.9
10000 16.7 16.1 16 16.1 15.6 18.9**
1/1 Octave Band Readings
63 0.3 0.8 0 0.9 23 1.5**
125 13 1.7 1.4 0.4 2.4 1
250 3.5 3.4 3.1 3.1 3 3 2.6
500 10.5 10.4 9.9 10 9.9 9.7
1000 14.7 14.7 14.7 14.9 14.9 155**
2000 19.4 19.5 193 19.1 193 19.7**
4000 19.8 19.8 19.7 194 19.9 203
8000 18 17.9 17.7 17.6 17 173
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Table C.64 DIL Raw Data, 49 in. Duct Diameter, 1.5 in. Duct Liner, Manufacturer B
Dynamic Insertion Loss Measurements for the 49 in. Duct Diameter -
1.5 in. Liner Thickness
dB
ManufocturerB
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 -03 0.1 0.4 -0.9 1.5 2.4**
63 0 3 -0.1 -0.1 2.4 0.8 24**
80 1.7 1.1 0.9 2.2 1.8 0.6
100 1.9 1.6 1.8 1.8 1.6 0.3
125 13 1.8 23 1.3 1.7 1.8
160 2.4 2.6 23 1.7 3 1.6
200 3.5 3 2.8 3.5 3.3 2.8
250 6.4 5.7 5.4 5.5 5.1 5.2
315 11 10.6 10.6 10 9.9 9
400 17.8 17.2 16.6 16.3 15.9 14.9**
500 19.6 19.2 18.9 19.1 18.5 17.1**
630 17.6 17.1 17.3 17.1 16.8 15.1**
800 14.7 14.5 14.8 15 14.5 16.6**
1000 16.8 17.1 17.5 17.8 17.9 17.5**
1250 17.2 17.7 18.1 18.4 18.8 19.7**
1600 22.1 22 21.4 20.7 19.9 19.6
2000 19.9 20.5 20.5 20.7 20.8 23.3**
2500 19.9 19.5 193 19.7 19.8 19.8
3150 20.5 20.4 20.4 20.5 20.7 20.7
4000 21.5 21.4 21.9 21.9 21.7 21
5000 20.7 20.7 20.8 20.6 20.5 19.6
6300 19.7 19.7 19.7 193 193 17.9
8000 18.6 18.5 18.7 18.6 18.6 173
10000 17.6 17 173 17.5 17.5 16
1/1 Octave Band Readings
63 0.6 0.3 0.4 13 1.4 1.8**
125 1.7 1.9 2.1 1.6 2.1 13
250 73 6.9 6.7 6.7 6.5 6.1
500 183 17.8 17.6 17.4 17 15.8**
1000 16.1 163 16.6 164 16.8 18.0**
2000 203 203 20.1 203 20.1 20.4**
4000 20.9 20.8 21 21 21 20.6
8000 19.1 19 19.1 18.9 18.8 173
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Table C.65 DIL Raw Data, 48 in. Duct Diameter, 1 in. Duct Liner, Manufacturer C
Dynamic Insertion Loss Measurements for the 48 in. Duct Diameter -
1 in. Liner Thickness
dB
Manu&cturer C
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 -0.8 0.5 0.3 0.5 0 13
63 -0.5 -03 03 2.1 0.1 1.0**
80 0.9 0.4 0.4 1.1 1.1 2.0**
100 0.3 0.9 0.8 0.7 0 13
125 0.2 0.9 1.5 0.7 0.6 0.9
160 0.9 1.6 13 1 13 13
200 2 1.4 1.5 2.3 1.9 1.7
250 2.9 3.2 2.6 2.8 2.7 2.9
315 3.9 4.4 4.1 4 43 3.6
400 6.9 73 6.7 6.6 63 63
500 10 9.8 9.5 9.6 93 9.5
630 103 10 10 9.7 9.4 9.5
800 11.4 113 113 11.1 11 11.7
1000 14.3 14.2 143 143 13.7 16.3**
1250 163 16.9 164 17.1 17.1 193**
1600 20.5 20.9 203 19.6 18.7 19
2000 18.5 19 193 19.4 19.6 22.7**
2500 18 18 18 18.4 18.4 18.8
3150 18 18.3 18.6 18.8 19 19.7
4000 17.6 17.8 183 18.3 18.1 18
5000 15.9 16.2 16.4 163 16.1 15.8
6300 13.1 13.4 13.6 13.6 13.5 133
8000 12.4 12.7 13 13.4 133 12.8
10000 11.7 12 12.4 13 13 12.6
I/I Octave Band ReadinP
63 -0.1 0 3 0.3 13 0.4 1.4**
125 0.4 1.1 13 0.8 0.6 1.1
250 3 3 3.4 3.1 33 3.2 3
500 8.4 8.5 8.2 8 3 7.9 8
1000 13.7 13.8 13.8 13.8 13.6 14.9**
2000 18.6 18.8 18.7 18.9 18.8 19.6**
4000 17.3 17.6 17.9 18 17.9 18
8000 12.7 13 133 133 13.4 13
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Table C.66 DEL Raw Data, 48 in. Duct Diameter, 2 in. Duct Liner, Ntoufacturer C
Dynamic Insertion Loss Measurements for the 48 in. Duct Diameter -
2 in. Liner Thickness
dB
Manufacturer C
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 0 2 0.6 2.9 02 0.9 1.7
63 2.3 0.9 2.6 1.8 -0.6 1.9**
80 12 0.7 0.1 2 22 3.4**
100 1.8 2 1.8 1.5 2.4 0.9
125 2.3 2.6 3.9 1.3 2.3 1.6
160 3.5 3 3.9 1.8 3.6 2.1
200 4.6 42 4.7 4.9 4.8 3.9
250 9.8 8.6 9 8.5 83 8.5
315 13.5 13 132 11.9 12.3 12.9**
400 21 20.6 19.9 19.6 21.0** 14.5**
500 22.2 21.9 21.7 21.7 22.6** 16.5**
630 19.5 192 19.4 19.2 21.0** 14.4**
800 14.4 14.5 14.8 15 15.4 15.8**
1000 17.4 17.6 18.6 19 22.0** 16.8**
1250 173 18 183 19 19.4 19.1**
1600 21.5 21.6 21.4 20.8 20.1 22.0**
2000 19 19.5 19.8 202 20.9 22.6**
2500 18.6 18.6 18.6 18.8 19.4 19.6
3150 18.8 18.6 19 193 20 23.0**
4000 19 18.7 19.5 19.6 19.8 20
5000 17.8 17.6 18 17.9 18.5 18.3
6300 15 14.8 15.1 152 15.5 15.7
8000 13.9 132 13.8 14.1 14.5 14.6
10000 12.4 11.7 12.1 12.6 13.4 14
1/1 Octave Band Readings
63 12 0.7 1.7 1.4 0.8 22**
125 2.5 2.5 3 2 1.5 2.8 13
250 9.6 9.1 9.5 8.8 8.8 8.6**
500 21 20.7 20.4 202 21.6** 152**
1000 16.1 16.5 16.9 173 183** 173**
2000 192 19.4 19.4 19.5 19.9 20.8**
4000 18.6 18.4 18.9 19.1 19.6 20.4
8000 143 13.9 143 14.5 14.9 15.1
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Table C.67 DIL Raw Data, 48 in. Duct Diameter, 1 in. Duct liner. Manufacturer D
Dynamic Insertion Loss Measurements for the 48 in. Duct Diameter -
1 in. Liner Thickness
dB
Manufacturer D
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 -1.4 0.8 12 0.6 1.7 73**
63 0.6 0.9 0.7 2.3 -0.2 2.8**
80 1.1 0.5 0.6 1.6 1 -0.5
100 0.4 0.8 1.1 0.5 0.6 0.1
125 0 2 1.9 1.9 0.7 0.6 1.8
160 1.3 1.9 1.8 1.4 1.5 1.8
200 2.5 1.6 2 2 2.8 2.5 1.4
250 4.2 2.9 2.9 32 2.8 2.8
315 4.4 4.5 4.4 4.1 3.8 4.1
400 7.1 7.1 7.1 6.8 6.1 6.1
500 9.2 9 8.7 8.5 8.4 8.9
630 9.1 8.9 9 8.9 8.5 8.4
800 10.1 10 10 10.1 9.7 10
1000 12.6 12.5 12.6 12.4 12.1 12.4
1250 14.9 15.4 15.1 152 14.8 14.8
1600 18.8 18.6 18.4 17.7 16.7 162
2000 17.7 17.9 18 17.9 17.6 17.7
2500 17.1 16.8 16.9 16.7 16.5 16.4
3150 17.3 16.8 17.1 17.1 16.9 17.1
4000 16.5 16 16.4 16.3 15.9 15.8
5000 14.6 13.9 14.3 13.9 13.8 13.5
6300 11.5 10.8 11.3 112 11 10.9
8000 10.7 9.9 10.7 10.9 10.6 10.6
10000 9.7 8.7 9.6 10.1 10.1 9.8
1/1 Octave Band Readings
63 0.1 0.7 0.9 1.6 0.8 22**
125 0.6 1.5 1.6 0.8 0.9 1.3
250 4 3.4 3.5 3.6 3 2 3.1
500 8.1 8 8 7.8 7.4 7.6
1000 123 12.4 123 12.4 12 122
2000 17.6 17.4 17.5 172 16.8 16.7
4000 16.3 15.7 16.1 16 15.7 15.6
8000 11 103 103 11 10.8 10.7
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Table C.68 DIL Raw Data, 48 in. Duct Diameter, 2 in. Duct Liner, Manufacturer D
Dynamic Insertion Loss Measurements R)r the 48 in. Duct Diameter -
2 in. Liner Thickness
dB
Manufacturer D
1/3 Octave Band Readings
Frequency
Hz
Airflow Rate - ft/min
0 1000 2000 3000 4000 5000 6000
50 -0.9 0 0.8 -0.2 0.9 2.4**
63 0.4 0.5 12 1.8 0.7 1.1
80 1.7 1.4 1 2.4 1.1 0.7
100 0.8 13 1.7 0.9 12 12
125 0.9 1.6 2.4 0.8 1.7 1.1
160 2.5 2.9 2 2 1.9 2.6 1.4
200 5 4.4 43 4.8 4.8 4 2
250 8.5 7.5 7 7 7 6.8
315 9.5 9.7 9 2 8.3 8.7 7.6
400 14.1 13.7 13.4 13 13.1 14.8**
500 17 16.7 16.2 16.4 17.1 173**
630 16 15.9 15.8 15.6 16.1 15.4**
800 132 12.9 13 12.9 132 13.6
1000 15.8 15.8 162 16.3 17.4 17.5**
1250 162 16.8 17.1 17.4 17.8 19.7**
1600 19.9 19.9 19.6 18.8 18.5 17.9
2000 17.6 18.1 182 182 18.8 18.7
2500 16.9 16.8 16.7 16.6 17.1 16.8
3150 17 17 17.1 172 17.6 17.7
4000 17.5 17.5 17.9 17.8 18.2 17.7
5000 17.1 172 17.4 172 17.5 17
6300 14.7 14.8 14.9 14.6 14.8 14.4
8000 132 13.1 13.2 132 13.3 12.9
10000 11.5 112 11.3 11.5 11.9 11.6
1/1 Octave Band Readings
63
125
250
500
1000
2000
4000
8000
0.4
1.3
8.2
15.4
14.9
17.6
172
13.8
0.6
2
7.8
15
15
17.7 
172
13.8
1
2.1
7.4
14.8 
152 
17.6
17.4
13.9
1.4 
12 
7.1 
14.6 
152 
173
17.4 
13.8
0.9
1.9
73
15
15.7
17.8
17.8 
133
1.4
12
6.6
15.9**
16.5**
17.5
17.5
13.5
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Table C.69 DIL Raw Data, 48 in. Duct Diameter, I in. Duct Liner, Manufacturer E
Dynamic Insertion Loss Measurements for the 48 in. Duct Diameter -
I in. Liner Thickness
dB
Manufacturer E
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 -0.8 0.3 13 -03 0.8 23**
63 0 2 0 0.9 0.9 -0.3 1.8**
80 1.6 1.5 0.8 1.3 2.1 12
100 12 1.5 0.4 1.3 1.6 2.3
125 0.8 0.7 1.7 0.6 1.5 1.5
160 1.1 1.3 1.7 0.9 1.5 1.7
200 2.6 2.3 2.5 2.4 2.5 2.6
250 4 3.8 3.3 3 3 2 2.9
315 4.2 4.1 4.3 3.7 3.8 3.5
400 6.7 6.8 6.3 63 5.8 6.1
500 9.6 9.5 92 9 8.7 9.7
630 10 9.8 9.7 92 9 2 9.3
800 11.3 10.9 11 10.8 10.8 11.6
1000 14 13.7 13.7 13.3 13.8 16.5**
1250 16.3 16.7 16.6 17 16.6 192**
1600 20.6 20.5 19.7 18.9 18 183
2000 19 19.4 19.4 19.3 19.4 23.0**
2500 18.3 18.1 182 17.8 18.1 18.6
3150 18.7 18.4 18.7 183 18.9 19.7
4000 18.3 18 18.5 182 18 183
5000 16.7 16.4 16.7 162 162 163
6300 14.1 13.9 14.1 13.7 13.9 14
8000 13.6 132 133 13.3 13.4 13.4
10000 13.3 12.6 13 12.8 13.3 132
1/1 Octave Band Readings
63 0.4 0.6 1 0.7 0.9 1.8**
125 1 1.1 13 09 1.5 1.8
250 3.8 3.7 3.6 32 3.4 3.1
500 8 2 8 2 7.9 7.8 7.5 8
1000 13.6 13.5 133 13.4 13.4 149**
2000 18.9 18.9 18.8 18.4 18.4 193**
4000 18 17.7 18.1 17.8 17.9 182
8000 13.8 13.5 13.8 13.5 13.6 13.7
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Table C.70 DIL Raw Data, 48 in. Duct Diameter, 2 in. Duct Liner, Manufecturer E
Dynamic Insertion Loss Measurements for the 48 in. Duct Diameter -
2 in. Liner Thickness
dB
Manufacturer E
1/3 Octave Band Readings
Frequency
Hz
Airflow Rate - ft/min
0 1000 2000 3000 4000 5000 6000
50 -0.4 1 2.7 0.2 0.7 63**
63 0.4 0.2 3.6 1.6 0.3 5.0**
80 2.1 1.8 0.7 1.9 2.2 12
100 2.3 2.5 2.7 2.1 1.9 2 2
125 1.8 2.4 4.4 1.5 2.1 2.6
160 2.7 3 3.9 2.5 3.1 2.7
200 4.8 4.9 4.7 5 4.8 4.1
250 8.6 82 8.1 7.8 7.5 7.6
315 102 10.5 10.4 9.4 93 9.5
400 15 14.8 14.6 13.8 13.5 13.9**
500 16.7 16.6 162 162 16.1 15.9**
630 153 15.3 15.1 14.5 15 13.8**
800 12.9 12.9 12.9 12.6 12.7 152**
1000 15.1 153 15.4 15.4 15.8 16.1**
1250 16.3 16.8 16.9 172 17.5 18.7**
1600 19.6 19.9 19.4 18.7 183 17.6
2000 17.7 183 182 182 18.4 18.7
2500 16.7 16.8 16.8 16.6 16.7 16.8
3150 172 17.1 17.4 17.6 17.9 18.4
4000 18.2 18.4 18.9 19.1 19.1 19.4
5000 18.3 18.7 192 19 19.5 192
6300 16.9 17.3 17.6 17.5 17.6 17.1
8000 15.7 15.8 162 16.3 16.4 15.8
10000 14.7 14.3 14.9 153 15.7 152
1/1 Octave Band Readings
63
125
250
500
1000
2000
4000
8000
0.7
2 2
8.4
15.6
14.7 
17.5
17.7 
162
1
2.6
8.5
15.5 
14.9
17.7
17.8 
16.4
2.1
3.7
83
153
149
17.6
183
16.8
13
2
7.8
14.8
14.9
17.4
18.4
16.9
1.1
2.4
7.7
14.7 
15.1
17.4
18.7 
16.9
3.7**
2.5**
7.5**
14.6**
16.7**
17.5
18.9
16.4
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Table C.71 DIL Raw Data, 48 in. Duct Diameter, 1 in. Duct Liner, Manufacturer F
Dynamic Insertion Loss Measurements for the 48 in. Duct Diameter -
1 in. Liner Thickness
dB
Manufacturer F
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 0.6 0.9 33 1.8 4.5 2.6**
63 2.2 1.3 1.9 2.7 2 22**
80 2.1 2.2 -02 1.5 0.7 1
100 1.2 1.5 2.1 2 2.4 12
125 0.9 1 3 1.7 3.1 1.5
160 2 1.7 2.5 1.9 3.2 1.3
200 2.8 2.2 2 2.4 2.4 1.7
250 43 3.7 3.6 3.4 3.5 33
315 4.4 43 4.5 4.1 4.7 4
400 6.6 6.1 5.6 5.7 5.7 53
500 82 8 8 8 8 8
630 8.1 7.5 7.6 72 7.7 6.5
800 9.3 9 8.8 8.5 8.6 8.8
1000 112 10.8 10.6 102 102 10.5
1250 13.1 13.2 12.8 12.7 12.6 12.3
1600 15.7 15.4 14.7 14.5 142 13.9
2000 15.7 15.5 15.3 152 152 15.4
2500 15.5 15.1 15 14.7 14.7 14.7
3150 16.2 15.8 15.6 15.6 15.6 15.9
4000 16 15.4 15.5 15.5 153 152
5000 14.4 14 14 13.7 13.8 13.7
6300 11.7 11.4 11.4 11.5 11.4 11.8
8000 11.5 11 11.4 11.8 11.7 12.1
10000 11.9 11.4 11.6 12.4 12.3 13.4
1/1 Octave Band Readings
63 1.6 1.4 1.5 2 2.1 1.9**
125 13 1.3 2.5 1.9 3 1.4
250 4.1 3.7 3.7 3.5 3.8 3.3
500 7.4 7 6.8 6.8 7 6.6
1000 11.1 10.9 10.6 10.4 10.4 10.5
2000 15.6 152 15 14.8 14.7 14.6
4000 15.7 152 15.1 15.1 15.1 15.1
8000 11.6 112 11.4 11.7 11.6 12
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Table C .72 DEL Raw Data, 48 in. Duct Diameter, 2 in. Duct Liner, Manufacturer F
Dynamic Insertion Loss Measurements Ar the 48 in. Duct Diameter -
2 in. Liner Thickness
dB
Manufacturer F
1/3 Octave Band Readings
Frequency Airflow Rate - ft/min
Hz 0 1000 2000 3000 4000 5000 6000
50 0.2 0.7 1.3 1.5 4.4 72**
63 1.4 02 0.5 2.5 3 2 3.5**
80 2.4 1.1 0.5 2.6 1.8 0.5
100 2.8 2.5 2.4 2.7 2.8 0.5
125 2.6 3 3.5 3 3.9 2.9
160 3.9 3.4 3.2 3 J 4.3 2.1
200 5.4 4.1 4.1 5 4.1 3.7
250 8.6 7 6.7 7.5 6.7 6.6
315 10.7 9.8 9 2 9.7 9.7 8.8
400 14.6 13.8 13 13.7 12.6 11.6
500 15.8 152 14.8 15 14.6 16.6**
630 14.5 13.7 13.8 13.8 13.1 143**
800 12.7 11.8 12.1 12.3 119 119
1000 14.9 14.2 14.3 14.9 14.4 17.0**
1250 16.1 16.1 16.1 169 163 16.5
1600 19 18.4 18 17.9 173 16.7
2000 17.1 16.8 16.9 172 172 17
2500 16 15.3 15.1 15.5 15.3 152
3150 16.3 15.6 15.7 16.4 16.1 162
4000 17.4 16.6 17.1 17.9 17.4 17.1
5000 17.7 17.4 17.7 182 18 173
6300 17.1 16.6 16.6 172 16.9 16
8000 16 15 15 15.8 153 14.4
10000 14.4 13.1 132 143 14.3 132
1/1 Octave Band Readings
63 1.4 0.6 0.8 22 2.9 3.0**
125 3 2.9 3.1 3 3.7 1.8
250 8.8 7.6 7.3 79 73 6.8
500 15 142 13.8 142 133 13.8**
1000 14.5 139 14 14.5 14.1 14.6**
2000 16.8 162 16.1 16.4 162 16
4000 16.9 162 16.5 17.3 16.9 16.8
8000 16.4 15.6 15.6 16.4 16 15.1
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APPENDIX D
EL AND AIL AVERAGE AND SD TABLES 
Values for the average and standard deviation of the Insertion loss at each o f the 1/1- 
octave center frequency bands are given in Tables D.l through D.8.
Values for the average and standard deviation of the difference in the Insertion Loss 
(AIL) at each o f the 1/1 octave center frequency bands and for each internal duct diameter 
are given in Tables D.9 through D.56. Missing values marked with a hyphen are those 
values, which were not included in the tables for being limited by the airflow self­
generated noise or because they were bad data.
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Table D.l Average and SD of Measured IL at 63 Hz
165
Average and Standard Deviation ft)r Measured IL at the 63 H z- dB/ft
1 in. Liner thickness
Diameter
in.
Manufacturer Average SD
A B C D E F
12 0.03 0 0.1 0 0.15 0.17 0.08 0.076
20 0.02 0 0 0 0 0.03 0.01 0.013
28 0.02 0.03 0.04 0.08 0.09 0.07 0.06 0.029
36 0 0 0.02 0 0.05 0 0.01 0.020
42 0.06 0.06 0.03 0.07 0.03 0.05 0.05 0.017
48 0.01 0.06 0.02 0.05 0.04 0.09 0.05 0.029
2 in. -iner Thickness
12 028 0.18 0.15 025 0.31 0.23 0.067
20 0.07 0.08 0.04 0.07 0.1 0.07 0.022
28 0.09 0.09 0.09 0.11 0.12 0.10 0.014
36 0.02 0.02 0.1 0.01 0 0.03 0.040
42 0.13 0.1 0.11 0.05 0.08 0.09 0.030
48 0.12 0.05 0.1 0.08 0.06 0.08 0.029
Table D2 Average and SD of Measured EL a t 125 Hz
Average and Standard Deviation for Measured IL at the 125 Hz - dB/ft
1 in. Liner thickness
Diameter Manufacturer Average SD
in. A B C D E F
12 022 021 027 0.23 0.17 0.41 025 0.084
20 0.1 0.08 0.13 0.11 0.1 0.17 0.12 0.031
28 0.18 0.06 0.13 0.16 02 0.15 0.15 0.049
36 0.02 0.03 0.16 0.08 0.12 0.08 0.08 0.053
42 0.05 0.08 0.05 0.09 0.06 0.06 0.07 0.016
48 0.04 0.05 0.07 0.06 0.03 0.07 0.05 0.016
2m . [.iner Thickness
12 0.68 0.65 03 037 0.75 0.59 0.153
20 034 034 028 03 037 033 0.036
28 028 036 025 028 022 028 0.052
36 023 025 023 0 2 02 022 0.022
42 0.18 0.18 0.16 0.15 0.19 0.17 0.016
48 0.16 0.11 0.12 0.13 0.15 0.13 0.021
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Table D.3 Average and SD of Measured IL at 250 Hz
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Average and Standard Deviation for Measured IL at the 250 Hz - dB/ft
I in. Liner thickness
Diameter Manufacturer Average SD
in. A B C D E F
12 0.84 0.93 0.82 0.76 0.56 0.9 0.80 0.133
20 0.54 0.48 0.46 0.47 0.42 0.58 0.49 0.058
28 0.41 035 0.43 0.41 039 0.41 0.40 0.028
36 0.36 035 038 0.4 033 038 0.37 0.025
42 029 025 026 0.3 0.25 028 0.27 0.021
48 025 025 028 029 025 0.28 027 0.019
2 in. ^iner Thickness
12 1.83 1.92 1.45 1 1.75 1.59 0.374
20 1.26 131 097 0.97 1.11 1.12 0.159
28 1.14 12 0.97 0.94 0.82 1.01 0.155
36 0.99 1.1 0.87 0.84 0.72 0.90 0.146
42 0.79 0.75 0.71 0.68 0.77 0.74 0.045
48 0.71 0.7 0.66 0.68 0.63 0.68 0.032
Table D.4 Average and SD of Measured IL at 500 Hz
Average and Standard Deviation for Measured IL at the 500 Hz - dB/ft
lin . Liner thickness
Diameter Manufacturer Average SD
in. A B C D E F
12 1.58 1.69 1.68 1.47 1.55 1.56 1.59 0.084
20 1.42 1.37 1.45 1.37 126 134 137 0.066
28 1.17 133 128 1.09 1.16 1.08 1.19 0.101
36 0.94 1.18 1.07 0.98 0.97 0.86 1.00 0.111
42 0.9 12 0.88 0.83 0.87 0.83 0.92 0.141
48 0.83 1.06 0.89 0.83 0.83 0.74 0.86 0.108
2in. 3ner Thickness
12 2.81 3.74 2.9 2.65 2.92 3.00 0.425
20 2.69 3.16 2.26 2.21 2.4 2.54 0.392
28 2.47 298 2.08 2.14 1.91 2.32 0.423
36 221 2.73 1.92 1.9 138 2.07 0.432
42 1.81 225 1.74 1.7 1.67 1.83 0238
48 1.59 2.05 138 1.5 1.41 1.63 0248
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Table D.5 Average and SD o f Measured IL at 1000 Hz
Average and Standard Deviation for Measured IL at the 1000 Hz - dB/ft
1 in. Liner thickness
Diameter
in.
Manufacturer Average SD
A B C D E F
12 3.74 3.72 3.81 3.47 3.65 3.65 3.67 0.116
20 33 3.76 3.81 3.02 339 2.83 3.35 0.391
28 2.13 2.58 2.63 2.02 226 1.9 225 0298
36 1.62 1.88 1.82 1.65 1.8 1.51 1.71 0.142
42 1.36 1.6 1.47 1.36 1.42 124 1.41 0.121
48 1.2 1.42 137 124 127 1.05 126 0.131
2 in. ^iner Thickness
12 3.59 3.82 3.61 3.78 3.82 3.72 0.115
20 321 3.81 339 3.4 339 3.44 0222
28 226 2.73 2.38 2.35 236 2.42 0.181
36 1.69 1.94 1.8 1.75 1.73 1.78 0.097
42 1.5 1.69 1.59 1.56 1.49 1.57 0.081
48 1.39 1.58 1.47 1.4 134 1.44 0.093
Table D.6 Average and SD o f Measured IL at 2000 Hz
Average and Standard Deviation for Measured IL at the 2000 Hz - dB/ft
1 in. Liner thickness
Diameter Manufacturer Average SD
in. A B C D E F
12 326 326 3.32 3.31 3.5 3.47 3.35 0.105
20 2.07 2.08 226 225 227 2.19 2.19 0.091
28 1.98 2.08 2.15 2.06 2.1 2.02 2.07 0.060
36 1.82 1.94 1.89 1.89 1.98 1.85 1.90 0.058
42 1.57 1.7 1.67 1.59 1.65 1.54 1.62 0.063
48 1.49 1.72 1.68 1.63 1.62 1.45 1.60 0.106
2in . Jner Thickness
12 3.08 328 3.13 3.12 3.18 3.16 0.077
20 1.79 221 1.92 1.86 1.86 1.93 0.164
28 1.8 225 1.88 1.86 1.85 1.93 0.182
36 1.71 1.96 1.79 1.77 1.73 1.79 0.099
42 1.46 1.6 1.52 1.54 1.46 1.52 0.059
48 1.48 1.63 1.6 1.53 1.41 1.53 0.089
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Table D.7 Average and SD of Measured IL at 4000 Hz
Average and Standard Deviation for Measured EL at the 4000 Hz - dB/ft
1 in. Liner thickness
Diameter Manufacturer Average SD
in. A B C D E F
12 2.06 2.19 2.33 2.14 2.15 2.39 221 0.125
20 1.76 1.79 1.95 1.84 1.91 1.83 1.85 0.072
28 1.67 1.85 1.84 1.79 1.86 1.76 1.80 0.072
36 1.63 1.99 1.87 1.85 1.92 1.8 1.84 0.123
42 1.34 1.59 1.5 1.42 1.47 1.39 1.45 0.088
48 1.4 1.85 1.74 1.63 1.61 1.53 1.63 0.157
2 in. Jner Thickness
12 2.14 2.42 2.1 1.92 2.15 2.15 0.179
20 1.72 1.95 1.76 1.67 1.73 1.77 0.108
28 1.66 2.1 1.71 1.75 1.7 1.78 0.180
36 1.72 1.97 1.83 1.81 1.72 1.81 0.103
42 1.39 1.51 1.42 1.47 1.41 1.44 0.049
48 1.52 1.65 1.69 1.63 1.47 1.59 0.093
Table D.8 Average and SD of Measured IL at 8000 Hz
Average and Standard Deviation for Measured IL at the 8000 Hz - dB/ft
1 in. Liner thickness
Diameter Manufacturer Average SD
in. A B C D E F
12 1.53 1.35 127 127 1-49 1.49 1-42 0.102
20 1.63 1.61 1-73 1.55 1.67 1.53 1.62 0-075
28 1-41 1-75 1-61 1.51 1.67 1.5 1.58 0-125
36 1-13 1.77 1.49 1.37 1.48 1.33 1.43 0212
42 0-96 1.3 1.09 0-97 1 0-94 1.04 0.136
48 1.02 1.4 1.15 I-I l 1-12 1-05 1-14 0.135
2 in- Jner Thickness
12 1.59 1-41 1-43 1-51 1.56 1.50 0.079
20 1-76 1.77 1.68 1-69 1-74 1.73 0-041
28 1-5 2 1.59 1.7 1-73 1.70 0-189
36 1-44 1.63 1.5 1-57 1.6 1.55 0-077
42 1.07 1.17 1-12 1-18 121 1-15 0-055
48 121 124 1.16 133 125 124 0.062
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Table D.9 Average and SD of AIL at 63 Hz. and for the 12 in. Duct Diameter
Average and SD for calculated AIL vzdues at 63 Hz - 12 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 -0.05 0.04 -0.05 -0.02 -0.07 0 -0.03 0.04
2000 0.04 0.09 0.01 0.04 0 0.04 0.04 0.03
3000 -0.09 -0.01 -0.04 0 -0.04 -0.05 -0.04 0.03
4000 0.03 0.09 -0.01 0.07 0.08 0.02 0.05 0.04
5000 0.14 0.11 -028 0.15 0.14 -0.11 0.03 0.18
6000 03 028 0.1 0.31 0.3 024 026 0.08
2 in. l,iner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 -0.07 0.13 0.01 -0.05 -0.19 0 -0.03 0.11
2000 0 0.14 0.08 0.08 -0.01 0 0.05 0.06
3000 -0.02 0.02 -0.01 0.09 -0.11 -0.07 -0.02 0.07
4000 0.04 0 2 -0.03 0.04 0.06 0.03 0.06 0.08
5000 0.1 024 -0.29 029 0.06 0.03 0.07 020
6000 028 0.33 0.4 0.32 -0.07 0.14 023 0.17
Table D.IO Average and SD of AIL at 63 Hz. and for the 20 in. Duct Diameter
Average and SD for calculated AIL values at 63 Hz - 20 in Duct Diameter
1 in. Liner Thickness
Airflow Manufocturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 0.07 -0.06 -0.05 -0.13 -0.01 -0.07 -0.04 0.07
2000 0.04 -0.15 0 -0.07 -0.04 -0.07 -0.05 0.07
3000 0.16 -0.02 0.05 -0.02 -025 0.02 -0.01 0.14
4000 -0.03 0.03 0.04 -0.1 -0.02 -0.09 -0.03 0.06
5000 0.09 0.1 0.02 -0.05 0.02 -0.12 0.01 0.08
6000 0.14 -0.07 0.06 -0.06 -0.06 0.13 0.02 0.10
2m . ^iner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 0.06 -0.04 0 -0.01 -0.08 0.09 0.00 0.06
2000 -0.03 -0.03 -0.03 0.02 -0.07 0.03 -0.02 0.04
3000 0.08 -0.02 0.18 0 2 -0.07 0.18 0.09 0.11
4000 0.1 0.07 -0.06 -0.01 -0.01 0 0.02 0.06
5000 0.05 0.18 0.06 0.02 0.04 0.07 0.07 0.06
6000 0.02 0.01 0.09 0.13 0.14 0 2 0.10 0.07
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Table D .l 1 Average and SD of AIL at 63 Hz. and for the 28 in. Duct Diameter
Average and SD for calculated AIL values at 63 Hz - 28 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fom A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 -0.03 -0.01 -0.04 -0.13 -0.07 -0.04 -0.05 0.04
2000 0.08 0.08 -0.08 -0.03 -0.01 0.01 0.01 0.06
3000 -0.04 0.02 -0.12 -0.09 -0.02 0.03 -0.04 0.06
4000 -0.05 -0.02 -0.04 -0.05 -0.08 0.03 -0.04 0.04
5000 0.05 0.06 0.04 -0.1 0.05 -0.02 0.01 0.06
6000 0.09 -0.07 -0.11 -0.09 0 -0.06 -0.04 0.07
2in. ^iner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 -0.01 -0.13 -0.05 -0.01 -0.02 -0.05 -0.05 0.05
2000 -0.05 -0.15 0 0.13 0.07 -0.09 -0.02 0.10
3000 0 -0.07 -0.16 0.06 0.04 -0.06 -0.03 0.08
4000 -0.01 -0.17 -0.13 0.06 0.04 -0.05 -0.04 0.09
5000 0.06 -0.06 -0.15 0.04 -0.03 0 -0.02 0.08
6000 -0.08 -0.13 -0.08 0.03 -0.06 -0.04 -0.06 0.05
Table D.12 Average and SD o f AIL at 63 Hz. and for the 36 in. Duct Diameter
Average and SD for calculated AIL values at 63 H z-3 6 in  Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 0.15 -0.07 0.12 -0.01 0.12 0.11 0.07 0.09
2000 0.07 -0.08 -0.06 -0.01 -0.04 0.04 -0.01 0.06
3000 0 -0.13 -0.02 -0.09 -0.06 -0.08 -0.06 0.05
4000 0.04 0.06 -0.02 -0.02 -0.06 -0.03 -0.01 0.05
5000 0.04 0.06 0.06 0.06 0.03 0.02 0.05 0.02
6000 0.07 -0.05 -0.04 -0.02 0.01 0.03 0.00 0.05
2 in. l,mer Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 0.09 0 0.08 -0.01 0.02 0.06 0.04 0.04
2000 -0.03 -0.13 0.07 -0.02 -0.02 -0.01 -0.02 0.06
3000 0 -0.15 -0.1 -0.15 0 -0.17 -0.10 0.08
4000 -0.02 -024 0.12 -0.14 0 -0.01 -0.05 0.12
5000 -0.03 -0.05 0 0 0.06 -0.14 -0.03 0.07
6000 - -0.19 0.06 -0.05 0.03 -0.14 -0.06 0.11
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Table D.13 Average and SD o f AIL at 63 Hz. and for the 42 in. Duct Diameter
Average and SD for calculated AIL values at 63 Hz - 42 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fom A B c D E F
0 0 0 0 0 0 0 0.00 0.00
1000 -0.12 -0.04 -0.07 -0.02 -02 -0.16 -0.10 0.07
2000 -0.1 -0.02 0.04 0.07 -0.19 0.11 -0.02 0.11
3000 -0.07 0.02 -0.02 0.04 -0.19 -0.02 -0.04 0.08
4000 -0.08 0.03 -0.05 -0.02 -0.11 -0.08 -0.05 0.05
5000 -0.03 0 0.03 0.05 -0.13 0.04 -0.01 0.07
6000 -0.11 -0.01 0.04 - -0.13 - -0.05 0.08
2 in. !.iner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 -0.05 0.02 -0.07 -0.07 -0.09 - -0.05 0.04
2000 0 -0.01 -0.05 0.05 0.02 0 0.00 0.03
3000 -0.05 0.01 -0.04 -0.03 -0.1 - -0.04 0.04
4000 0.01 0.04 -0.01 -0.03 -0.12 - -0.02 0.06
5000 -0.09 -0.01 -0.01 -0.16 -0.07 -02 -0.11 0.11
6000 - - -0.04 -0.14 -0.1 - -0.09 0.05
Table D.14 Average and SD o f AIL at 63 Hz. and for the 48 in. Duct Diameter
Average and SD for calculated AIL values at 63 ELz - 48 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fom A B c D E F
0 0 0 0 0 0 0 0.00 0.00
1000 -0.04 0.05 0.03 0.06 0.02 -0.02 0.02 0.04
2000 0.04 -0.03 0.04 0.08 0.06 -O.OI 0.03 0.04
3000 0.09 0.06 0.13 0.15 0.03 0.04 0.08 0.05
4000 0.06 0.2 0.05 0.07 0.05 0.05 0.08 0.06
5000 - - - - - •
6000
2 in. .mer Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 0.06 -0.03 -0.05 0.02 0.03 -0.08 -0.01 0.05
2000 -0.03 -0.02 0.05 0.06 0.14 -0.06 0.02 0.07
3000 0.05 0.06 0.02 0.1 0.06 0.08 0.06 0.03
4000 0.02 0.08 -0.04 0.05 0.04 0.15 0.05 0.06
5000 - - - 0.1 - • 0.10
6000
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Table D.l 5 Average and SD o f AIL at 125 Hz. and for the 12 in. Duct Diameter
Average and SD for calculated AIL values at 125 Hz - 12 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 -0.02 0.02 0 0.01 -0.01 0.04 0.01 0.02
2000 -0.03 -0.02 0.01 0.01 -0.02 -0.02 -0.01 0.02
3000 0.03 0.02 0.02 -0.02 0 -0.01 0.01 0.02
4000 -0.01 0.01 -0.02 0 -0.01 -0.03 -0.01 0.01
5000 0.04 0 -0.04 -0.01 0.03 -0.04 0.00 0.03
6000 0.05 0.07 0.06 0.05 0.08 0.04 0.06 0.01
2 in. i,iner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 -0.03 -0.02 0.02 0.05 -0.05 0 -0.01 0.04
2000 -0.05 -0.06 0.02 0.11 -0.04 -0.06 -0.01 0.07
3000 -0.05 0 0.01 - -0.1 -0.06 -0.04 0.05
4000 -0.07 -0.05 -0.04 - -0.05 -0.09 -0.06 0.02
5000 -0.05 -0.09 -0.11 - -0.07 -0.09 -0.08 0.02
6000 -0.04 -0.01 0.03 - -0.09 -0.07 -0.04 0.05
Table D .l6 Average and SD of AIL at 125 Hz. and for the 20 in. Duct Diameter
Average and SD for calculated AIL values at 125 Hz - 20 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 -0.01 -0.02 -0.03 -0.03 0.05 -0.08 -0.02 0.04
2000 0.05 -0.11 0.04 -0.04 0.06 0.01 0.00 0.07
3000 -0.03 -0.11 0.02 -0.09 -0.08 -0.04 -0.06 0.05
4000 -0.07 -0.05 -0.03 -0.12 0.02 -0.1 -0.06 0.05
5000 -0.01 0.05 -O.OI -0.04 0.03 -0.02 0.00 0.03
6000 0 -0.13 -0.07 -0.05 -0.01 0.03 -0.04 0.06
2 in. Liner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 0.08 0.07 -0.03 -0.1 -0.09 -0.04 -0.02 0.08
2000 0.02 0.05 0 0.03 -0.02 0.05 0.02 0.03
3000 0.03 0.01 0 -0.02 -0.04 0.01 0.00 0.02
4000 -0.04 -0.05 -0.07 -0.09 -0.09 -0.02 -0.06 0.03
5000 -0.02 0.07 -0.11 -0.03 -0.04 -0.04 -0.03 0.06
6000 0.02 0.06 -O.I -0.1 0.08 -0.03 -0.01 0.08
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Table D.17 Average and SD of ML at 125 Hz. and for the 28 in. Duct Diameter
Average and SD for calculated AIL values at 125 H z-28 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 -0.11 0.04 -0.08 -0.16 -0.1 -0.08 -0.08 0.07
2000 -0.03 0.17 -0.04 0.02 -0.02 0.07 0.03 0.08
3000 -0.15 0.04 -0.15 -0.07 -0.12 0.01 -0.07 0.08
4000 -0.1 -0.01 -0.12 -0.05 -0.17 -0.01 -0.08 0.06
5000 -0.12 -0.01 -0.02 -0.08 -0.1 -0.07 -0.07 0.04
6000 -0.01 -0.02 -0.16 -0.16 -0.13 -0.08 -0.09 0.07
2 in. ],iner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 -0.08 -0.11 0 -0.05 -0.07 0.01 -0.05 0.05
2000 0.05 0 -0.09 0.13 0.06 0.03 0.03 0.07
3000 -0.04 -0.12 -0.14 0 -0.04 -0.02 -0.06 0.06
4000 -0.06 -0.06 -02 0.05 -0.02 -0.03 -0.05 0.08
5000 -0.08 -0.12 -0.18 -0.07 -0.18 -0.05 -0.11 0.06
6000 -0.12 -0.12 -0.19 0.01 -0.17 -0.09 -0.11 0.07
Table D.l 8 Average and SD of AIL at 125 Hz. and for the 36 in. Duct Diameter
Average and SD for calculated AIL values at 125 Hz - 36 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 0.06 -0.07 0.01 -0.08 0.02 0.11 0.01 0.07
2000 0.02 -0.07 0.01 -0.03 -0.08 -0.02 -0.03 0.04
3000 0.03 -0.13 0 -0.16 -0.12 -0.05 -0.07 0.08
4000 0 -0.04 -0.03 -0.18 -0.08 -0.05 -0.06 0.06
5000 0.03 -0.13 0.01 -0.05 -0.11 -0.04 -0.05 0.06
6000 0.01 -0.02 0.02 -0.15 -0.07 -0.03 -0.04 0.06
2 in. ],iner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 0.03 -0.04 0.11 -0.05 0.1 0.02 0.03 0.07
2000 -0.02 -0.09 0.09 -0.04 0.02 -0.03 -0.01 0.06
3000 0.01 -0.14 -0.05 -0.15 0.06 -0.17 -0.07 0.09
4000 -0.07 -0.23 0.08 -0.19 0.01 -0.04 -0.07 0.12
5000 -0.08 -0.13 -0.04 -0.19 0.04 -0.16 -0.09 0.08
6000 0.04 -0.18 0 -0.13 0.06 -0.15 -0.06 0.11
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Table D.19 Average and SD o f AIL at 125 Hz. and for the 42 in. Duct Diameter
Average and SD for calculated AIL values at 125 Hz - 42 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 -0.03 0.03 -0.06 0.05 -0.17 -0.06 -0.04 0.08
2000 0 0.01 0.03 0.1 -0.08 0.08 0.02 0.06
3000 -0.04 -0.02 -0.11 0.03 -0.16 -0.03 -0.06 0.07
4000 0.02 0.07 -0.03 -0.02 -0.17 -0.01 -0.02 0.08
5000 0.04 0 -0.08 0.03 -0.11 0.09 -0.01 0.08
6000 0.02 0.07 -0.05 0.05 -0.11 0.04 0.00 0.07
2 in. L,iner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 -0.11 - 0.05 -0.06 -0.13 - -0.06 0.08
2000 0.02 -0.01 0 0.14 0.05 - 0.04 0.06
3000 -0.17 -0.08 -0.08 0.01 -0.13 - -0.09 0.07
4000 -0.05 -0.06 0 0.08 -0.06 - -0.02 0.06
5000 -0.09 0.07 0.07 0.08 0 - 0.03 0.07
6000 -0.1 0.02 -0.05 -0.01 0.01 - -0.03 0.05
Table D.20 Average and SD of AIL at 125 Hz. and for the 48 in. Duct Diameter
Average and SD for calculated AIL values at 125 Hz - 48 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 0.03 0.04 0.07 0.09 0.01 0 0.04 0.03
2000 0.01 0.01 0.08 0.1 0.03 0.12 0.06 0.05
3000 0.03 -0.09 0.04 0.02 -0.01 0.06 0.01 0.05
4000 0.01 0.11 0.02 0.03 0.05 0.17 0.07 0.06
5000 -0.02 -0.03 0.07 0.07 0.08 0.01 0.03 0.05
6000
2m . Jner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 0.01 0.02 0 0.07 0.04 -0.01 0.02 0.03
2000 0.08 0.04 0.07 0.08 0.15 0.01 0.07 0.05
3000 -0.02 -0.01 -0.1 -0.01 -0.02 0 -0.03 0.04
4000 0.04 0.04 0.03 0.06 0.02 0.07 0.04 0.02
5000 0.02 -0.04 -0.1 -0.01 - -0.12 -0.05 0.06
6000
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Table D21 Average and SD o f AIL at 250 Hz. and for the 12 in. Duct Diameter
Average and SD for calculated AIL values at 250 Hz - 12 in Duct Diameter
1 in. Liner Thickness
Airflow
fpm
Manufocturer Average SD
A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 0 0.01 -0.05 0.01 -0.01 0.03 0.00 0.03
2000 -0.03 0.01 -0.04 -0.01 -0.03 -0.03 -0.02 0.02
3000 -0.02 0.03 -0.06 -0.02 -0.02 -0.02 -0.02 0.03
4000 -0.06 0.03 -0.04 0.02 0.02 -0.05 -0.01 0.04
5000 -0.02 -0.02 -0.09 -0.02 0 -0.05 -0.03 0.03
6000 -0.06 -0.05 -0.11 -0.04 -0.02 -0.05 -0.06 0.03
2 in. Jner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 -0.01 0.01 -0.09 -0.01 -0.09 -0.06 -0.04 0.04
2000 -0.06 -0.03 -0.04 0.15 -0.08 -0.14 -0.03 0.10
3000 -0.14 -0.02 -0.13 - -0.07 -0.14 -0.10 0.05
4000 -0.11 -0.01 -0.18 - -0.02 -0.13 -0.09 0.07
5000 -0.15 -0.07 -0.23 - -0.13 -0.18 -0.15 0.06
6000 -02 -0.14 -0.15 - -0.2 -023 -0.18 0.04
Table D.22 Average and SD o f AIL at 250 Hz. and for the 20 in. Duct Diameter
Average and SD for calculated AIL values at 250 Hz - 20 in Duct Diameter
1 in. Liner Thickness
Airflow
fpm
Manufacturer Average SD
A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 -0.03 -0.06 -0.14 -0.06 -0.02 -0.06 -0.06 0.04
2000 -0.01 -0.05 0 -0.05 0.03 -0.03 -0.02 0.03
3000 0 -0.03 -0.02 -0.01 -0.09 -0.05 -0.03 0.03
4000 -0.09 -0.11 -0.07 -0.1 -0.03 -0.11 -0.09 0.03
5000 -0.08 -0.09 -0.1 -0.11 -0.06 -0.12 -0.09 0.02
6000 -0.13 -0.07 -0.14 -0.09 -0.08 -0.14 -0.11 0.03
2m . Jner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 -0.07 -0.08 0 -0.1 -0.11 -0.02 -0.06 0.04
2000 -0.08 -0.1 -0.03 0.04 -0.03 -0.01 -0.04 0.05
3000 -0.12 -0.1 0.01 -0.01 -0.1 -0.02 -0.06 0.06
4000 -0.18 -0.17 -0.15 -0.12 -0.14 -0.13 -0.15 0.02
5000 -0 2 -0.18 -0.19 -0.14 -0.13 -0.15 -0.17 0.03
6000 -022 -021 -028 -023 -0.13 -022 -022 0.05
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Table D.23 Average and SD of AIL at 250 Hz. and for the 28 in. Duct Diameter
Average and SD for calculated AIL values at 250 Hz - 28 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 -0.03 -0.01 0.01 -0.01 -0.04 -0.01 -0.02 0.02
2000 0 -0.05 -0.02 -0.02 -0.04 0 -0.02 0.02
3000 -0.06 -0.04 -0.01 -0.07 0 0 -0.03 0.03
4000 -0.04 -0.03 -0.02 -0.06 -0.02 -0.02 -0.03 0.02
5000 -0.05 -0.02 -0.03 -0.05 -0.03 -0.05 -0.04 0.01
6000 -0.08 -0.07 -0.05 -0.09 -0.09 -0.04 -0.07 0.02
2 in . [.iner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 -0.04 0.01 -0.04 -0.02 0 -0.01 -0.02 0.02
2000 -0.05 -0.06 -0.04 -0.07 -0.03 -0.04 -0.05 0.01
3000 -0.09 -0.04 -0.05 -0.08 -0.04 -0.05 -0.06 0.02
4000 -0.15 -0.07 -0.06 -0.1 -0.08 -0.05 -0.09 0.04
5000 -0.17 -0.05 -0.12 -0.12 -0.08 -0.09 -0.11 0.04
6000 -0.22 -0.09 -0.17 -0.16 -0.14 -0.13 -0.15 0.04
Table D.24 Average and SD of AIL at 250 Hz. and for the 36 in. Duct Diameter
Average and SD for calculated AIL values at 250 I k -36 in Duct Diameter
1 in. Lmer Thickness
Airflow
fpm
Manufacturer Average SD
A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 0.03 0 0 0.01 0 0 0.01 0.01
2000 0.01 -0.03 -0.06 -0.01 -0.03 -O.OI -0.02 0.02
3000 -0.02 -0.02 -0.05 -0.02 -0.03 -0.04 -0.03 0.01
4000 -0.03 -0.04 -0.08 -0.03 -0.05 -0.05 -0.05 0.02
5000 -0.05 -0.01 -0.06 -0.04 -0.01 -0.05 -0.04 0.02
6000 -0.02 0 -0.05 -0.04 0.02 -0.04 -0.02 0.03
2 in. Jner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 -0.01 0.05 -0.03 0 -0.03 -0.01 -0.01 0.03
2000 -0.08 -0.01 -0.06 -0.03 -0.06 -0.02 -0.04 0.03
3000 -0.11 -0.01 -0.1 -0.05 -0.09 -0.03 -0.07 0.04
4000 -0.15 -0.07 -0.15 -0.09 -0.12 -0.07 -0.11 0.04
5000 -0.16 -0.04 -0.15 -0.1 -0.13 -0.08 -0.11 0.05
6000 -0.18 -0.07 -0.15 -0.11 -0.13 -0.06 -0.12 0.05
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Table D.25 Average and SD of AIL at 250 Ik . and for the 42 in. Duct Diameter
Average and SD for calculated AIL values at 250 Hz - 42 in Duct Diameter
I in. Liner Thickness
Airflow Manufacturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 -0.02 0.02 -0.02 0.03 -0.07 0 -0.01 0.04
2000 -0.03 -0.04 -0.01 0.04 -0.08 0.02 -0.02 0.04
3000 -0.04 -0.04 -0.03 0.04 -0.07 0.01 -0.02 0.04
4000 -0.01 0.04 0.01 0.01 -0.09 -0.01 -0.01 0.04
5000 -0.06 0.01 -0.03 0.03 -0.06 0.02 -0.02 0.04
6000 -0.12 -0.01 -0.03 0 -0.12 -0.1 -0.06 0.06
2 in. i,iner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 -0.02 -0.02 -0.01 -0.04 - -0.02 0.01
2000 -0.06 -0.03 -0.05 -0.01 -0.03 - -0.04 0.02
3000 -0.08 -0.04 -0.05 -0.04 -0.08 - -0.06 0.02
4000 -0.08 -0.05 -0.07 -0.06 -0.08 - -0.07 0.01
5000 -0.13 -0.02 -0.08 -0.08 -0.08 - -0.08 0.04
6000 -0.13 -0.11 -0.16 -0.13 -0.13 - -0.13 0.02
Table D.26 Average and SD of AIL at 250 Hz. and for the 48 in. Duct Diameter
Average and SD for calculated AIL values at 250 H z-48 in Duct Diameter
1 in. Lmer Thickness
Airflow Manufacturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 -0.04 -0.01 0.02 -0.06 -0.01 -0.04 -0.02 0.03
2000 -0.05 -0.04 -O.OI -0.05 -0.02 -0.04 -0.04 0.02
3000 -0.06 -0.04 0.01 -0.04 -0.06 -0.06 -0.04 0.03
4000 -0.05 -0.03 0 -0.08 -0.04 -0.03 -0.04 0.03
5000 -0.07 -0.09 -0.02 -0.09 -0.07 -0.08 -0.07 0.03
6000
2m . ^mer Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 -0.06 -0.04 -0.05 -0.04 0.01 -0.12 -0.05 0.04
2000 -0.1 -0.06 -0.01 -0.08 -0.01 -0.15 -0.07 0.05
3000 -0.13 -0.06 -0.08 -0.11 -0.06 -0.09 -0.09 0.03
4000 -0.12 -0.08 -0.08 -0.09 -0.07 -0.15 -0.10 0.03
5000 -0.17 -0.12 - -0.16 - -0.2 -0.16 0.03
6000
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Table D.27 Average and SD of AIL at 500 Hz. and for the 12 in. Duct Diameter
Average and SD for calculated AIL values at 500 Hz - 12 in Duct Diameter
1 in. Liner Thickness
Airflow
fpm
Manufacturer Average SD
A B c D E F
0 0 0 0 0 0 0 0.00 0.00
1000 0.01 -0.01 -0.11 -0.04 -0.01 -0.01 -0.03 0.04
2000 -0.1 -0.07 -0.12 -0.1 -0.08 -0.12 -0.10 0.02
3000 -0.06 -0.03 -0.17 -0.12 -0.1 -0.16 -0.11 0.06
4000 -0.15 -0.06 -0.22 -0.14 -0.13 -0.18 -0.15 0.05
5000 -0.17 -0.12 -028 -0.17 -0.16 -021 -0.19 0.05
6000 -0.22 - -0.3 -023 -0.19 -021 -023 0.04
2in . Jner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 0 0 -0.08 0 -0.13 -0.11 -0.05 0.06
2000 -0.04 -0.09 -0.17 0.06 -0.13 -022 -0.10 0.10
3000 -0.16 -0.14 - - -0.19 -025 -0.19 0.05
4000 -023 - - - -0.17 - -0.20 0.04
5000 - - - - -0.32 - -0.32
6000 - - - - - -
Table D28 Average and SD of AIL at 500 Hz. and for the 20 in. Duct Diameter
Average and SD for calculated AIL values at 500 I k  - 20 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 -0.04 -0.08 -0.06 -0.02 -0.02 -0.05 -0.05 0.02
2000 -0.08 -0.11 -0.04 -0.08 -0.03 -0.06 -0.07 0.03
3000 -0.05 -0.15 -0.05 -0.08 -0.11 -0.08 -0.09 0.04
4000 -0.14 -0.16 -0.11 -0.14 -0.1 -0.16 -0.14 0.03
5000 -0.15 -0.17 -0.14 -0.16 -0.12 -0.16 -0.15 0.02
6000 - -0.25 -022 -023 -0.16 -0.16 -020 0.04
2in . Jner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 -0.04 -0.04 -0.01 -0.06 -0.08 -0.04 -0.05 0.02
2000 -0.19 -0.14 -0.13 -0.03 -0.09 -0.06 -0.11 0.06
3000 -0.19 -0.16 - -0.09 -0.15 -0.05 -0.13 0.06
4000 -024 - - -0.14 -0.18 - -0.19 0.05
5000 - - - - - -
6000 - - - - - -
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Table D29 Average and SD of AIL at 500 Hz. and for the 28 in. Duct Diameter
Average and SD for calculated AIL values at 500 Hz - 28 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fpm A B c D E F
0 0 0 0 0 0 0 0.00 0.00
1000 -0.02 0.02 -0.01 -0.03 -0.03 -0.03 -0.02 0.02
2000 -0.08 0 -0.03 -0.05 -0.07 -0.06 -0.05 0.03
3000 -0.08 0 -0.05 -0.04 -0.07 -0.07 -0.05 0.03
4000 -O.I -0.03 -0.06 -0.09 -0.13 -0.08 -0.08 0.03
5000 -0.15 -0.05 -0.11 -0.11 -0.11 -0.12 -0.11 0.03
6000 -0.13 -0.06 -0.16 -0.17 -0.14 -0.19 -0.14 0.05
2 in. ].iner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 -0.03 -0.09 -0.01 -0.04 -0.05 -0.01 -0.04 0.03
2000 0 -0.12 -0.1 -0.05 -0.05 -0.03 -0.06 0.04
3000 -0.06 -0.19 -0.14 -0.07 -0.08 -0.06 -0.10 0.05
4000 - - -0.18 -0.11 -0.13 -0.08 -0.13 0.04
5000 - - - -0.18 -0.17 -0.11 -0.15 0.04
6000 - - - - - -
Table D.30 Average and SD of AIL at 500 Hz. and for the 36 in. Duct Diameter
Average and SD for calculated AIL values at 500 H z-36 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fom A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 0.01 0.01 0.02 0 0 0.06 0.02 0.02
2000 -0.03 -0.02 -0.01 -0.02 -0.06 0 -0.02 0.02
3000 -0.06 -0.05 -0.02 -0.08 -0.09 -0.02 -0.05 0.03
4000 -0.08 -0.03 -0.07 -0.1 -0.11 -0.07 -0.08 0.03
5000 -0.07 -0.07 -0.08 -0.07 -0.06 -0.06 -0.07 0.01
6000 -0.1 -0.09 -0.09 -0.12 -0.09 -0.1 -0.10 0.01
2in. Jner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 0.02 -0.03 0.03 0 0.05 0.03 0.02 0.03
2000 -0.05 -0.05 -0.03 -0.05 0.02 -0.01 -0.03 0.03
3000 -0.07 -0.1 -0.11 -0.09 -0.04 -0.08 -0.08 0.02
4000 -0.11 -0.18 - -0.14 -0.05 -0.09 -0.11 0.05
5000 - - - -024 - -0.14 -0.19 0.07
6000 - - - - - -
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Table D.31 Average and SD o f AIL at 500 Hz. and for the 42 in. Duct Diameter
Average and SD for calculated AIL values at 500 I k  - 42 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fom A B c D E F
0 0 0 0 0 0 0 0.00 0.00
1000 0 -0.01 -0.02 0.03 -0.06 -0.03 -0.02 0.03
2000 -0.02 -0.05 -0.02 0.03 -0.07 -0.07 -0.03 0.04
3000 -0.08 -0.07 -0.07 -0.02 -0.1 -0.06 -0.07 0.03
4000 -0.06 0 -0.03 -0.04 -0.12 -0.07 -0.05 0.04
5000 -0.1 -0.01 -0.06 -0.02 -0.09 -0.06 -0.06 0.04
6000 -0.08 -0.06 -0.03 -0.02 -0.15 -0.1 -0.07 0.05
2 in. Jner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 -0.03 - -0.02 -0.01 -0.01 - -0.02 0.01
2000 -0.05 -0.04 -0.05 -0.02 0.01 - -0.03 0.03
3000 -0.09 -0.09 -0.09 -0.07 -0.06 - -0.08 0.01
4000 -0.09 -0.09 -0.09 -0.08 -0.05 - -0.08 0.02
5000 -0.08 - - -0.01 -0.03 - -0.04 0.04
6000 - - - - - -
Table D.32 Average and SD o f AIL at 500 Hz. and for the 48 in. Duct Diameter
Average and SD for calculated AIL values at 500 H z-48 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fom A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 -0.01 -0.01 0.01 -0.01 0 -0.04 -0.01 0.02
2000 -0.03 -0.06 -0.02 -0.01 -0.03 -0.06 -0.04 0.02
3000 -0.05 -0.05 -0.02 -0.03 -0.04 -0.06 -0.04 0.01
4000 -0.06 -0.06 -0.05 -0.07 -0.07 -0.04 -0.06 0.01
5000 -0.07 -0.08 -0.04 -0.05 -0.02 -0.08 -0.06 0.02
6000
2 in. Jner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 -0.01 -0.05 -0.03 -0.04 -0.01 -0.08 -0.04 0.03
2000 -0.05 -0.07 -0.06 -0.06 -0.03 -0.12 -0.07 0.03
3000 -0.06 -0.09 -0.08 -0.08 -0.08 -0.08 -0.08 0.01
4000 -0.05 -0.13 - -0.04 -0.09 -0.15 -0.09 0.05
5000 - - - - - -
6000
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Table D33 Average and SD o f AIL at 1000 Hz. and for the 12 in. Duct Diameter
Average and SD for calculated AIL values at 1000 Hz - 12 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fpm A B c D E F
0 0 0 0 0 0 0 0.00 0.00
1000 0 0 -0.02 0.01 0.01 -0.03 -0.01 0.02
2000 -0.04 -0.04 0.16 0.01 -0.04 -0.12 -0.01 0.09
3000 - - - - - -
4000 - - - - - -
5000 - - - - - -
6000 - - - - - -
2 in. Jner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 0 - 0.01 0 -0.03 0.01 0.00 0.02
2000 -0.02 - 0.02 0.04 0.02 0.02 0.02 0.02
3000 - - - - - -
4000 - - - - - -
5000 - - - - - -
6000 - - - - - -
Table D.34 Average and SD o f AIL at 1000 Hz. and for the 20 in. Duct Diameter
Average and SD for calculated AIL values at 1000 H z-20 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 -0.08 -0.04 -0.08 -0.04 -0.06 -0.08 -0.06 0.02
2000 -0.1 -0.14 -0.11 -0.08 -0.12 -0.09 -0.11 0.02
3000 -022 - - -0.14 - -0.16 -0.17 0.04
4000 - - - - - -0.16 -0.16
5000 - - - - - -
6000 - - - - - -
2in . !<mer Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 0.06 - 0.06 0.01 0.01 0.06 0.04 0.03
2000 0.07 - 0.02 0.05 0.07 0.06 0.05 0.02
3000 - - - - - -
4000 - - - - - -
5000 - - - - - -
6000 - - - - - -
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Table D.35 Average and SD of ATT, at 1000 Hz. and for the 28 in. Duct Diameter
Average and SD for calculated AIL values at 1000 Hz - 28 in Duct Diameter
1 in. Liner Thickness
Airflow Manu&cturer Average SD
fpm A B c D E F
0 0 0 0 0 0 0 0.00 0.00
1000 -0.05 0.01 -0.02 -0.05 -0.04 -0.05 -0.03 0.02
2000 -0.07 0.05 0.02 -0.03 -0.04 -0.04 -0.02 0.04
3000 -0.1 0.05 0.01 -0.07 -0.08 -0.06 -0.04 0.06
4000 -0.13 0.06 0 -0.1 -0.12 -0.1 -0.07 0.08
5000 -0.17 - - -0.13 -0.12 -0.15 -0.14 0.02
6000 - - - - - -
2 in. [viner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 0.03 - 0.05 0.03 0.01 0 0.02 0.02
2000 0.07 - 0.05 0.04 0.05 0.01 0.04 0.02
3000 0.05 0.13 0.09 0.05 0.04 0.02 0.06 0.04
4000 0.08 - 0.11 0.07 0.07 0 0.07 0.04
5000 - - - - - -0.01 -0.01
6000 - - - - - -
Table D.36 Average and SD of AIL at 1000 Hz. and for the 36 in. Duct Diameter
Average and SD for calculated AIL values at 1000 Hz - 36 m Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 0.02 0.02 0.02 0 0 0.03 0.02 0.01
2000 -0.01 -0.01 0 -0.03 -0.07 -0.03 -0.03 0.03
3000 -0.04 0 -0.03 -0.08 -0.08 -0.08 -0.05 0.03
4000 -0.06 0.03 -0.04 -0.08 -0.1 -0.1 -0.06 0.05
5000 -0.08 0.01 -0.09 -0.09 -0.08 -0.12 -0.08 0.04
6000 -0.07 - - - - -0.15 -0.11 0.06
2in. .m er Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 0.04 0.08 0.06 0.07 0.03 0.06 0.02
2000 0.04 0.07 0.03 0.05 -O.OI 0.04 0.03
3000 0.03 0.12 0.11 0.04 0.07 0 0.06 0.05
4000 0.06 0.16 0.15 0.06 0.11 -0.02 0.09 0.07
5000 - - - - - -0.05 -0.05
6000 - - - - - -
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Table D.37 Average and SD of AIL at 1000 Hz. and for the 42 in. Duct Diameter
Average and SD for calculated AIL values at 1000 Hz -42 in Duct Diameter
1 in. Liner Thickness
Airflow
fpm
Manufocturer Average SD
A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 -0.01 0 -0.01 0.01 -0.04 0 -0.01 0.02
2000 -0.05 -0.04 -0.04 -0.02 -0.07 -0.04 -0.04 0.02
3000 -0.08 -0.06 -0.07 -0.06 -0.1 -0.06 -0.07 0.02
4000 -0.11 0 -0.03 -0.07 -0.12 -0.07 -0.07 0.05
5000 -0.15 - -0.05 -0.06 -0.11 -0.1 -0.09 0.04
6000 - - - - -0.17 -0.1 -0.14 0.05
2 in. i,iner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 0.02 - 0.02 0.04 -0.01 -0.1 -0.01 0.06
2000 -0.01 - 0.02 0.03 -0.01 - 0.01 0.02
3000 -0.02 0.01 0.03 -0.01 -0.04 - -0.01 0.03
4000 -0.01 0.04 0.04 0 -0.02 - 0.01 0.03
5000 0.03 - 0.06 0.04 0.02 - 0.04 0.02
6000 - - - - - -
Table D.38 Average and SD of AIL at 1000 Hz. and for the 48 in. Duct Diameter
Average and SD for calculated AIL values at 1000 H z-48 in Duct Diameter
1 in. Liner Thickness
Airflow
fpm
Manufacturer Average SD
A B c D E F
0 0 0 0 0 0 0 0.00 0.00
1000 -0.03 0 0.01 0.01 -0.01 -0.02 -0.01 0.02
2000 -0.05 0 0.01 0 -0.01 -0.05 -0.02 0.03
3000 -0.05 0.02 0.01 0.01 -0.02 -0.07 -0.02 0.04
4000 -0.06 0.02 -0.01 -0.03 -0.02 -0.07 -0.03 0.03
5000 -0.07 - - -0.01 - -0.06 -0.05 0.03
6000
2in . Jner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 O.OI - 0.04 0.01 0.02 -0.06 0.00 0.04
2000 0.03 - 0.08 0.03 0.02 -0.05 0.02 0.05
3000 0.05 0.08 0.12 0.03 0.02 0 0.05 0.04
4000 0.04 0.07 - 0.08 0.04 -0.04 0.04 0.05
5000 - - - - - -
6000
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Table D.39 Average and SD of AIL at 2000 Hz. and for the 12 in. Duct Diameter
Average and SD for calculated AIL values at 2000 Hz - 12 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 0.03 0.03 -0.02 0.03 0.01 0.01 0.02 0.02
2000 0.05 0.06 0.1 0.04 0.04 -0.02 0.05 0.04
3000 - - - - - -
4000 - - - - - -
5000 - - - - - -
6000 - - - - - -
2 in. ].iner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 0.13 0.07 0.02 -0.03 -0.01 -0.02 0.03 0.06
2000 0.19 0.14 0.07 0.01 0.08 0.04 0.09 0.07
3000 0.23 - - -0.04 - - 0.10 0.19
4000 - - - 0.06 - - 0.06
5000 - - - 0.19 - - 0.19
6000 - - - - - -
Table D.40 Average and SD ofAILat2000 Hz. and for the 20 in. Duct Diameter
Average and SD for calculated AIL values at 2000 Hz - 20 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 0.01 0.02 -0.05 0 0.08 0 0.01 0.04
2000 0.04 0.07 0.13 0.02 0.17 -0.02 0.07 0.07
3000 0.1 0.09 02 0.02 0.11 -0.06 0.08 0.09
4000 0.04 0.09 0.22 -0.02 027 -0.07 0.09 0.13
5000 0.07 0.08 - - 023 -0.02 0.09 0.10
6000 - - - - - -
2in. Jner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 0.04 0.08 - -0.04 0 0.12 0.04 0.06
2000 0.08 0.16 - 0.15 O.ll 0.16 0.13 0.04
3000 O.I 022 - 0.16 0.12 022 0.16 0.06
4000 0.12 028 - 0.15 0.16 021 0.18 0.06
5000 0.11 0.3 - 021 - 029 0.23 0.09
6000 - - - - - -
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Table D.41 Average and SD of AIL at 2000 Hz. and for the 28 in. Duct Diameter
Average and SD for calculated AIL values at 2 0 0 0 -  28 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 0.02 0.07 0.08 0.02 0.02 0.02 0.04 0.03
2000 0.08 0.12 0.15 0.06 0.08 0.06 0.09 0.04
3000 0.05 0.13 0.15 0.02 0.1 0.02 0.08 0.06
4000 0.06 0.17 021 0.04 0.1 0.02 0.10 0.08
5000 0.06 022 027 0.05 0.1 0 0.12 0.11
6000 - - - - - -
2in. ^iner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 0.06 0.11 0.01 0.08 0.07 0.03 0.06 0.04
2000 0.12 0.17 0.09 0.1 0.1 0.08 0.11 0.03
3000 0.11 022 0.16 0.11 0.11 0.08 0.13 0.05
4000 0.14 025 02 0.14 0.15 0.12 0.17 0.05
5000 0.19 0.35 0.25 0.15 0.17 0.15 021 0.08
6000 - - - - 021 0.19 020 0.01
Table D.42 Average and SD of AIL at 2000 Hz. and for the 36 in. Duct Diameter
Average and SD for calculated AIL values at 2000 H z-36  in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fpm A B c D E F
0 0 0 0 0 0 0 0.00 0.00
1000 0.02 0.01 0.02 0.03 0 -0.02 0.01 0.02
2000 0 0.02 0.02 0.01 0 -0.05 0.00 0.03
3000 -0.03 0.02 0 -0.01 -0.02 -0.08 -0.02 0.03
4000 -0.05 0.02 -0.01 -0.05 -0.05 -0.14 -0.05 0.05
5000 -0.1 0.04 -0.02 -0.07 -0.04 -0.13 -0.05 0.06
6000 -0.09 0.03 - - - -0.14 -0.07 0.09
2m. !.iner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 0.03 0.07 0.07 0.04 0.03 0.01 0.04 0.02
2000 0.03 0.07 0.08 0.03 0.04 0.03 0.05 0.02
3000 0.02 0.09 0.09 0.04 0.06 O.OI 0.05 0.03
4000 -0.02 0.08 0.09 0.02 0.05 0 0.04 0.04
5000 -0.03 0.11 0.12 0.01 0.04 -0.01 0.04 0.06
6000 - - - - 0.03 - 0.03
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Table D.43 Average and SD o f AIL at 2000 Hz. and for the 42 in. Duct D iam eter
Average and SD for calculated AIL values at 2000 Hz - 42 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 0.01 0.06 0.04 0.02 -0.02 0.02 0.02 0.03
2000 -0.03 0.05 0.01 0.01 -0.05 -0.09 -0.02 0.05
3000 -0.06 0.01 0.03 -0.01 -0.05 -0.06 -0.02 0.04
4000 -0.08 0.05 0.06 -0.04 -0.08 -0.06 -0.03 0.06
5000 -02 0.07 0.02 -0.05 -0.07 -0.08 -0.05 0.09
6000 -0.12 - - -0.03 -0.15 -0.1 -0.10 0.05
2 in. Jner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 0.02 - 0.05 0.02 0.02 - 0.03 0.02
2000 0 0.04 0.06 0.01 0 0.1 0.04 0.04
3000 0 0.04 0.09 -0.02 -0.01 -0.1 0.00 0.06
4000 0.01 0.02 0.08 -0.02 0 • 0.02 0.04
5000 0 0.05 0.1 -0.03 0 0 0.02 0.05
6000 0.02 -0.01 0.12 -0.01 0.04 0 0.03 0.05
Table D.44 Average and SD of AIL at 2000 Hz. and for the 48 in. Duct Diameter
Average and SD for calculated AIL values at 2000 H z-48 in Duct Diameter
1 in. Liner Thickness
Ahflow
fpm
Manufacturer Average SD
A B c D E F
0 0 0 0 0 0 0 0.00 0.00
1000 -0.04 0.01 0.02 -0.02 0 -0.04 -0.01 0.03
2000 -0.05 -0.02 0.01 -0.01 -0.01 -0.06 -0.02 0.03
3000 -0.07 -0.03 0.03 -0.04 -0.05 -0.08 -0.04 0.04
4000 -0.07 -0.02 0.02 -0.08 -0.05 -0.09 -0.05 0.04
5000 -0.08 - - -0.09 - -0.1 -0.09 0.01
6000
2in. Jner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 -0.01 -0.01 0.02 0.01 0.02 -0.06 -0.01 0.03
2000 -0.02 -0.02 0.02 0 0.01 -0.07 -0.01 0.03
3000 -0.02 -0.01 0.03 -0.01 -0.01 -0.04 -0.01 0.02
4000 0 -0.02 0.07 0.02 -0.01 -0.06 0.00 0.04
5000 0.01 - - -0.01 0 -0.08 -0.02 0.04
6000
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Table D.45 Average and SD of AIL at 4000 Hz. and for the 12 in. Duct Diameter
Average and SD for calculated AIL values at 4000 Hz - 12 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 0.13 0.09 0.04 0.11 0.13 0.13 0.11 0.04
2000 0.17 025 0.21 021 025 0.12 020 0.05
3000 0.33 0.39 0.04 025 035 0.15 025 0.13
4000 - - - 021 - 0.07 0.14 0.10
5000 - - - - - -
6000 - - - - - -
2 in. -iner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 0.29 0.11 0.16 0.03 0.01 0.05 0.11 0.10
2000 0.36 033 0.31 0.17 021 0 2 026 0.08
3000 0.39 0.41 0.35 0.1 0.35 028 0.31 0.11
4000 - - 0.11 0.1 - - 0.11 0.01
5000 - - - 0.16 - - 0.16
6000 - - - - - -
Table D.46 Average and SD of AIL at 4000 Hz. and for the 20 in. Duct Diameter
Average and SD for calculated AIL values at 4000 H z-20  in Duct Diameter
1 in. Liner Thickness
Airflow
fpm
Manufacturer Average SD
A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 -0.06 0.06 -0.08 0.02 0.13 0.04 0.02 0.08
2000 0.06 0.04 02 0.02 0.31 0.12 0.13 0.11
3000 0.11 0.07 027 0.02 02 0.1 0.13 0.09
4000 0.03 0.04 028 -0.02 0.44 0.12 0.15 0.18
5000 0.07 0.03 033 -0.05 0.42 0.16 0.16 0.18
6000 - 0.06 - -0.02 -0.01 0.16 0.05 0.08
2 in. Imer Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 0.1 0.1 027 -O.OI -0.02 0 2 0.11 0.11
2000 0.14 0.14 0.42 027 021 033 025 0.11
3000 0.19 022 - 031 025 0.42 028 0.09
4000 0.22 023 - 032 033 0.43 031 0.09
5000 0.22 0.22 - 037 - - 027 0.09
6000 - - - - - -
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Table D.47 Average and SD of AIL at 4000 Hz. and for the 28 in. Duct Diameter
Average and SD for calculated AIL values at 4000 Hz - 28 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 -0.01 0.05 0.1 -0.01 0.01 0 0.02 0.04
2000 0.04 0.1 0.15 0.05 0.07 0.09 0.08 0.04
3000 -0.02 0.09 0.14 0 0.08 0.03 0.05 0.06
4000 0 0.1 02 0 0.06 0.02 0.06 0.08
5000 0 - - 0.02 - 0 0.01 0.01
6000 - - 026 - - -0.09 0.09 025
2 in. Liner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 0.07 0.09 0 0.12 0.08 0.04 0.07 0.04
2000 0.1 0.12 0.04 0.12 0.09 0.09 0.09 0.03
3000 0.09 0.17 0.1 0.12 0.11 0.09 0.11 0.03
4000 0.13 0.12 0.08 0.14 0.14 0.17 0.13 0.03
5000 - - 0.09 - 0.14 - 0.12 0.04
6000 - - 0.19 - - - 0.19
Table D.48 Average and SD of AIL at 4000 Hz. and for the 36 in. Duct Diameter
Average and SD for calculated ATT, values at 4000 Hz - 36 m Duct Diameter
1 in. Liner Thickness
Affflow Manufacturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 0.02 0.07 0.06 0.05 0.05 -0.01 0.04 0.03
2000 0.01 0.09 0.05 0.04 0.06 -0.03 0.04 0.04
3000 -0.07 0.1 0.02 -0.01 0.02 -0.07 0.00 0.06
4000 -0.07 0.11 0.02 -0.04 -0.02 -0.12 -0.02 0.08
5000 -0.1 0.17 0.01 -0.06 0.01 -0.09 -0.01 0.10
6000 -0.08 0.18 - 0 025 -0.05 0.06 0.15
2 in. liner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 0.05 0.12 0.09 0.05 0.05 0.04 0.07 0.03
2000 0.04 0.13 0.11 0.03 0.08 0.06 0.08 0.04
3000 0.01 0.15 O.ll 0.05 0.08 0.04 0.07 0.05
4000 -0.03 0.14 0.09 0.03 0.09 0.05 0.06 0.06
5000 -0.03 0.18 0.1 0.03 0.12 0.06 0.08 0.07
6000 0 - - - - 0.17 0.09 0.12
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Table D.49 Average and SD o f AIL at 4000 Hz. and for the 42 in. Duct Diameter
Average and SD for calculated AIL values at 4000 H z-42 in Duct Diameter
1 in. Liner Thickness
Airflow
fpm
Manufacturer Average SD
A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 0.01 0.09 0.04 0.05 -0.08 0.13 0.04 0.07
2000 -0.08 0.05 -0.01 0.04 -0.14 -0.15 -0.05 0.09
3000 -0.07 0.05 0.05 0.04 -0.12 0.02 -0.01 0.07
4000 -0.1 0.21 0.17 0.03 -0.12 0.05 0.04 0.14
5000 - 028 0.12 0.05 -0.07 0.02 0.08 0.13
6000 -0.13 - - 0.09 -0.13 0.01 -0.04 0.11
2 in. liner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 0.03 - 0.03 0.04 0.02 - 0.03 0.01
2000 -0.02 0.06 0.04 0.02 0 - 0.02 0.03
3000 0 0.07 0.1 0 0.03 - 0.04 0.04
4000 0.03 0.11 0.14 0.03 0.09 - 0.08 0.05
5000 0.06 0.19 02 0.07 0.13 - 0.13 0.07
6000 0.06 0 2 023 0.06 0 2 - 0.15 0.08
Table D.50 Average and SD of AIL at 4000 Hz. and for the 48 in. Duct Diameter
Average and SD for calculated AIL values at 4000 Hz - 48 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 -0.06 0 0.03 -0.06 -0.03 -0.05 -0.03 0.04
2000 -0.06 -0.01 0.06 -0.02 0.01 -0.06 -0.01 0.05
3000 -0.08 0.01 0.07 -0.03 -0.02 -0.06 -0.02 0.05
4000 -0.07 0.01 0.06 -0.06 -0.01 -0.06 -0.02 0.05
5000 -0.08 0.04 0.07 -0.07 0.02 -0.06 -0.01 0.06
6000
2m . [.iner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 -0.01 -0.01 -0.02 0 0.01 -0.07 -0.02 0.03
2000 -0.02 0.01 0.03 0.02 0.06 -0.04 0.01 0.04
3000 -0.01 0.01 0.05 0.02 0.07 0.04 0.03 0.03
4000 0.03 0.01 0.1 0.06 0.1 0 0.05 0.04
5000 0.04 -0.03 0.18 0.03 0.12 -O.OI 0.06 0.08
6000
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Table D.51 Average and SD o f AIL at 8000 Hz. and for the 12 in. Duct Diameter
Average and SD for calculated AIL values at 8000 Hz - 12 m Duct Diameter
1 in. Liner Thickness
Airflow Manufocturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 0.12 O.ll 0.05 0.16 0.13 023 0.13 0.06
2000 0.17 021 0.19 023 021 021 020 0.02
3000 027 029 0.13 028 028 026 025 0.06
4000 022 024 0 2 0.42 0.33 0.3 020 0.08
5000 - 029 -0.09 - - - 0.15 0.34
6000 - - - • - -
2 in. i/iner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 025 0.15 0.14 0 0.03 0.09 0.11 0.09
2000 022 0.31 0.26 0.09 022 0.13 021 0.08
3000 023 022 0.22 -0.05 021 0.16 020 0.14
4000 023 0.44 026 -0.03 028 0.36 0.29 0.17
5000 - - 0.17 0.03 - - 0.10 0.10
6000 - - - - - -
Table D.52 Average and SD o f AIL at 8000 Hz. and for the 20 in. Duct Diameter
Average and SD for calculated AIL values at 8000 H z-20 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fpm A B c D E F
0 0 0 0 0 0 0 0.00 0.00
1000 -0.18 -0.03 -02 -0.06 0.01 -0.03 -0.08 0.09
2000 -0.06 -0.1 0.04 -0.1 0.19 0.01 0.00 0.11
3000 -0.01 -0.12 0.13 -0.12 -0.14 -0.05 -0.05 0.10
4000 -0.17 -0.01 0 2 -0.1 0.3 0.1 0.05 0.18
5000 -0.13 0.12 0.34 -0.09 023 0.19 0.13 020
6000 -0.28 - 026 -0.01 - 0 2 0.04 0.24
2in . .iner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 0.04 0.02 O .ll -0.13 -0.09 0.14 0.02 0.11
2000 0.05 -0.04 022 023 0.15 023 0.14 0.11
3000 0.03 -0.01 0.54 026 0.16 029 023 021
4000 0.08 021 0.52 025 0.4 0.43 022 0.16
5000 -0.05 02 - 0.4 - - 022 024
6000 - - - - • -
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Table D.53 Average and SD of AIL at 8000 Hz. and for the 28 in. Duct Diameter
Average and SD for calculated ATT, values at 8000 H z-28 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 -0.06 0.03 0.09 -0.03 -0.02 0.04 0.01 0.05
2000 0 0.05 0.08 0 0.06 0.14 0.06 0.05
3000 -0.08 0.08 0.11 -0.04 0.05 0.08 0.03 0.08
4000 -0.04 024 0.26 0.02 0.1 0.13 0.12 0.12
5000 -0.04 0.37 0.26 0.1 0.08 0.11 0.15 0.15
6000 - - - 0.05 -0.05 -0.02 -0.01 0.05
2 in. ],iner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 0.04 0.11 -0.06 0.15 0.1 0.04 0.06 0.07
2000 0.01 0.06 0.01 0.11 0.05 0.05 0.05 0.04
3000 -0.02 021 0.08 0.17 0.12 0.11 0.11 0.08
4000 0.01 022 0.11 0.26 026 022 020 0.12
5000 0 0.14 0.35 029 0.42 024 0.17
6000 - - - - - -
Table D.54 Average and SD of AIL at *000 Hz. and for the 36 in. Duct Diameter
Average and SD for calculated AIL values at 8000 Hz - 36 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 0.01 0 0.06 0.02 0 -0.04 0.01 0.03
2000 0.02 0.05 -0.01 0.02 0.03 0 0.02 0.02
3000 -0.1 0.14 -0.03 -0.03 0 -0.02 -0.01 0.08
4000 -0.11 0.15 -0.07 -0.11 -0.09 -0.08 -0.05 0.10
5000 -0.19 0.31 -0.13 -0.18 -0.09 -0.08 -0.06 0.19
6000 -0.1 - -0.14 -0.04 -0.01 0.06 -0.05 0.08
2in . !hier Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 0 0.12 0.04 0.01 0.01 0.03 0.04 0.04
2000 -0.06 0.13 0.08 0.03 0.13 0.08 0.07 0.07
3000 -0.1 0.16 0.03 0.04 0.11 0.07 0.05 0.09
4000 - 0.14 -0.02 -0.02 0.13 0.04 0.05 0.08
5000 - 024 -0.06 -0.11 0.15 -0.03 0.04 0.15
6000 - 0.11 0.14 - 0.07 - 0.11 0.04
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Table D.55 Average and SD o f AIL at 8000 Hz. and for the 42 in. Duct Diameter
Average and SD for calculated AIL values at 8000 Hz - 42 in Duct Diameter
1 in. Liner Thickness
Airflow Manufacturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 -0.02 0.1 0 0.06 -0.16 023 0.04 0.13
2000 -0.16 -0.03 -0.05 0.05 -0.26 -0.26 -0.12 0.13
3000 -0.09 0 0.02 0.05 -021 0.08 -0.03 0.11
4000 -021 0.18 0.16 0.02 -0.27 0.14 0.00 020
5000 - - 0.07 0.01 -022 0.01 -0.03 0.13
6000 -024 - - 0.12 -028 -0.02 -0.11 0.19
2 in. ^iner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 -0.01 - 0.04 0.04 -0.02 0.1 0.03 0.05
2000 -0.13 0.01 0.01 0 -0.08 -0.3 -0.08 0.12
3000 -0.12 0.05 0.07 -0.05 -0.04 -0 2 -0.05 0.10
4000 -0.14 0.04 0.09 -0.07 0 - -0.02 0.09
5000 -0.17 0.07 0.11 -0.06 -0.04 - -0.02 0.11
6000 -0.15 -0.23 0.12 -0.08 0.17 0 -0.03 0.16
Table D.56 Average and SD of AIL at 8000 Hz. and for the 48 in. Duct Diameter
Average and SD for calculated AIL values at 8000 H z-4 2  in Duct Diameter
1 in. Lmer Thickness
Airflow Manufacturer Average SD
fpm A B C D E F
0 0 0 0 0 0 0 0.00 0.00
1000 -0.07 -0.01 0.03 -0.07 -0.03 -0.04 -0.03 0.04
2000 -0.06 -0.03 0.05 -0.01 0 -0.02 -0.01 0.04
3000 -0.08 -0.04 0.08 0 -0.03 0.01 -0.01 0.05
4000 -0.07 -0.1 0.07 -0.02 -0.02 0 -0.02 0.06
5000 -0.1 -0.07 0.03 -0.03 -0.01 0.04 -0.02 0.06
6000
2in . Jner Thickness
0 0 0 0 0 0 0 0.00 0.00
1000 -0.04 -0.01 -0.04 0 0.02 -0.08 -0.03 0.04
2000 -0.08 0 0 0.01 0.06 -0.08 -0.02 0.06
3000 -0.09 -0.02 0.02 0 0.07 0 0.00 0.05
4000 -0.07 -0.03 0.06 0.01 0.07 -0.04 0.00 0.06
5000 -0.07 -0.16 0.08 -0.03 0.02 -0.13 -0.05 0.09
6000
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APPENDIX E
PLOTS FOR THE MEASURED AND PREDICTED IL AND AIL 
The average and standard deviation of the measured Insertion Loss for each set of 
equal internal duct diameters have been plotted against the internal duct diameters at each 
of the I /l octave center frequency bands. These plots are shown in the Figures E.l 
through E.14.
The average and standard deviation of the difference in Insertion Loss (AIL) for each 
set o f equal internal duct diameter at the same airflow rate have been plotted against the 
airflow rates at each o f the 1/1 octave center frequency bands. These plots are shown in 
the figures E.15 through E .l08.
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Figure E.l Average and predicted £L values at 63 Hz, I in. liner thickness
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Figure E.2 Average and predicted IL values at 63 Hz, 2 m. Imer thickness
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Figure E.3 Average and predicted IL values at 125 Hz, I in. liner thickness
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Figure E.4 Average and predicted IL values at 250 Ik , I in. liner thickness
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IL Average and STDEV - 500 Hz Octave Band
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Figure E.5 Average and predicted values IL at 500 Hz, I in. liner thickness
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Figure E.6 Average and predicted IL values at 1000 1 intim er thickness
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Figure E .7 Average and predicted IL values at 2000 Hz, I in. liner thickness
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Figure E.S Average and predicted IL values at 4000 I in. liner thickness
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Figure E.9 Average and predicted EL values at 8000 Hz, 1 in. liner thickness
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Figure E.IO Average and predicted IL values at 125 Hz, 2 in. Imer thickness
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
199
IL Average and STDEV - 250 Hz Octave Band
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Figure E-11 Average and predicted IL values at 250 Hz, 2 in. liner thickness
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Figure E .I2 Average and predicted IL values at 500 2 in. Imer thickness
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IL Average and STDEV -1000 Hz Octave Band
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Figure E.13 Average and predicted IL values at 1000 Hz, 2 in. liner thickness
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Figure E .I4 Average and predicted IL values at 2000 2 in. Imer thickness
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IL Average and STDEV - 4000 Hz Octave Band
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Figure E.15 Average and predicted IL values at 4000 Hz, 2 in. liner thickness
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Figure E .I6 Average and predicted IL values at 8000 Hz, 2 in. Imer thickness
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ail  Average and SD - 63 Hz Octave Band
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Figure E .l7 Average and predicted AIL at 63 Hz, 20 in. diameter, 2 in. thickness
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Figure E.18 Average and predicted AIL at 63 28 in. diameter, 2 in. thickness
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
203
AlL Average and SD -  63 Hz Octave Band
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Figure E.19 Average and predicted AIL at 63 Hz, 36 in. diameter, 2 in. thickness
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Figure EJ20 Average and predicted AIL at 63 Hz, 42 in. diameter, 2 in. thickness
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AIL Average and SD -63  Hz Octave Band
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Figure E.21 Average and predicted AIL at 63 Hz, 48 in, diameter, 2 in. thickness
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Figure E.22 Average and predicted AIL at 63 Uz, 20 in. diameter, I u l thickness
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AIL Average and SD -  63 Hz Octave Band
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Figure E.23 Average and predicted AIL at 63 Hz, 28 in. diameter, I in. thickness
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Figure E.24 Average and predicted AIL a t 63 Hz, 36 in. diameter, I in. thickness
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AIL Average and SD -  63 Hz Octave Band
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Figure E.25 Average and predicted AIL at 63 Hz, 42 in. diameter, I in. thickness
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Figure E 26 Average and predicted AIL at 63 Hz, 48 m. diameter, 1 m. thickness
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AIL Average and SD -125  Hz Octave Band
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Figure E.27 Average and predicted AIL at 125 Hz, 12 in. diameter, 2 in. thickness
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Figure E.2S Average and predicted AIL at 125 Hz, 20 in. diameter, 2 in. thickness
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Figure E.29 Average and predicted AIL at 125 Hz, 28 in. diameter, 2 in. thickness
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Figure E JO Average and predicted AIL at 125 Hz, 36 in. diameter, 2 m. thickness
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AIL Average and SD -125  Hz Octave Band
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Figure E.31 Average and predicted AIL at 125 Hz, 42 in- diameter, 2 in. thickness
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Figure E.32 Average and predicted AIL at 125 Hz, 48 in. diameter, 2 in. thickness
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Figure E.33 Average and predicted AIL at 125 Hz, 12 in. diameter, 1 in. thickness
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Figure E.34 Average and predicted AIL at 125 Hz, 20 in. diameter, 1 in. thickness
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
211
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Figure E.35 Average and predicted AIL at 125 Hz, 28 in. diameter, 1 in. thickness
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Figure E.36 Average and predicted AIL at 125 Hz, 36 UL diameter, 1 in. thickness
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Figure E.37 Average and predicted AIL at 125 Hz, 42 in. diameter, I in. thickness
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Figure E38 Average and predicted AIL at 125 Hz, 48 ia  diameter, I in. thickness
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AIL Average and SD - 250 Hz O ctave Band
12 in. Duct Dia. -  2  in. Duct Liner
1.0
<
#  OIL avenge and so 
 OILpmUded
- 1.0
0 1000 2000 3000 4000 5000 SOOO 7000
Air Flow Velocity -  fl/mln
Figure E.3 9 Average and predicted AIL at 250 Hz, 12 in. diameter, 2 in. thickness
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Figure E.40 A va% e and predicted AIL at 250 Hz, 20 in. diameter, 2 m. thickness
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Figure E.4I Average and predicted AIL at 250 Hz, 28 in. diameter, 2 in. thickness
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Figure E.42 Average and predicted AIL at 250 Hz, 36 in. diameter, 2 in. thickness
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AIL Average and SD -  250 Hz Octave Band
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Figure E.43 Average and predicted AIL at 250 Hz, 42 in. diameter, 2 in. thickness
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Figure E.44 Average and predicted AIL at 250 Hz, 4& in. diameter, 2 in. thickness
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Figure E.45 Average and predicted AIL at 250 Hz, 12 in. diameter, I in. thickness
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Figure E.46 Average and predicted AIL a t250 Hz, 20 m. diameter, IUL thickness
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Figure E.47 Average and predicted AIL at 250 Hz, 28 in. diameter, I in. thickness
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Figure E.48 Average and predicted AIL at 250 Hz, 36 in. diameter, I in. thickness
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Figure E-49 Average and predicted AIL at 250 Hz, 42 in. diameter, I in. thickness
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Figure E.50 Average and predicted AIL a t250 48 in. diameter, I in. thickness
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Figure E.51 Average and predicted AIL at 500 Hz, 12 in diameter, 2 in. thickness
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Figure E.52 Average and predicted AIL at 500 Hz, 20 in. diameter, 2 in. thickness
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Figure E.53 Average and predicted AIL at 500 Hz, 28 in. diameter, 2 in. thickness
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Figure E.54 Average and predicted AIL at 500 Hz, 36 m diameter, 2  in. thickness.
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Figure £.55 Average and predicted AIL at 500 Hz, 42 in. diameter, 2 in. thickness
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Figure E.56 Average and predicted AIL at 500 Hz, 48 in. diameter, 2 in. thickness
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Figure E.57 Average and predicted AIL at 500 Hz, 12 in. diameter, I in. thickness
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Figure E.58 Average and predicted AIL at 500 20 in. diameter, I in. thickness
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Figure E.59 Average and predicted AIL at 500 Hz, 28 in. diameter, 1 in. thickness
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Figure E.60 Average and predicted AIL at 500 Hz, 36 in. diameter, I m. thickness
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Figure E.61 Average and predicted AIL at 500 Hz, 42 in diameter, I in. thickness
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Figure E.62 Average and predicted AIL at 5001% 48 m. diameter, I in. thickness
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Figure E.63 Average and predicted AIL at 1000 Hz, 12 in. diameter, 2 in. thick
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Figure E.64 Average and predicted AIL at 1000 Hz, 20 in. diameter, 2 in. thick
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Figure E.65 Average and predicted ML at 1000 Hz, 28 in. diameter, 2 in. thick
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Figure E.66 Average and predicted AIL at 1000 Hz, 36 in. diameter, 2 in. thick
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Figure E.67 Average and predicted AIL at 1000 Hz, 42 in. diameter, 2 in. thick
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Figure E.68 Average and predicted AIL at 1000 Hz, 48 m. diameter, 2 in. thick
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Figure E.69 Average and predicted AEL at 1000 Hz, 12 in. diameter, 1 in. thick
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Figure E.70 Average and predicted AIL at 1000 Hz, 20 in. diameter, 1 in. thick
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Figure E.71 Average and predicted AIL at 1000 Hz, 28 in. diameter, I in. thick
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Figure E.72 Average and predicted AIL at 1000 36 in. diameter, I in. thick
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Figure E.73 Average and predicted AIL at 1000 Hz, 42 in. diameter, 1 in. thick
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Figure E.74 Average and predicted AIL at 1000 Hz, 48 in. diameter, I in. thick
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Figure E.75 Average and predicted AIL at 2000 Hz, 12 in. diameter, 2 in. thick
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Figure E.76 Average and predicted AIL at 2000 Hz, 20 in. diameter, 2 in thick
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Figure E.77 Average and predicted AIL at 2000 Hz, 28 in- diameter, 2 in. thick
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Figure E.78 Average and predicted AIL at 2000 Hz, 36 m. diameter, 2 m. thick
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Figure E.79 Average and predicted AIL at 2000 Hz, 42 in. diameter, 2 in. thick
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Figure E.80 Average and predicted AIL a t2000 HZj 48 in. diameter, 2 in. thick
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Figure E.81 Average and predicted AIL at 2000 Hz, 12 in. diameter, I in. thick
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Figure E.82 Average and predicted AIL at 2000 Hz, 20 m. diameter, I in. thick
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Figure E.83 Average and predicted AIL at 2000 Hz, 28 in. diameter, I in. thick
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Figure E.84 Average and predicted AIL at 2000 Hz, 36 in. diameter, I m. thick
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Figure E.85 Average and predicted AIL at 2000 Hz, 42 in. diameter, I in. thick
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Figure E.86 Average and predicted AIL a t2000 Hz, 48 in. diameter, I in. thick
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Figure E.87 Average and predicted AIL at 4000 Hz, 12 in. diameter, 2 in- thick
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Figure E.88 Average and predicted AIL a t4000 Hz, 20 m. diameter, I in. thick
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Figure E.89 Average and predicted AIL at 4000 Hz, 28 m. diameter, 2 in. thick
AIL Average and SD - 4000 Hz Octave Band 
36 in. Duct Dia. - 2 in. Duct Liner
g 0.01 F
■as
*  OILnangsaidSO 
OILpndicM
-1.00 1000 2000 3000 4000 5000 8000 7000
A«- Flow VeiocKy -  ll/min
Figure E.90 Average and predicted AIL at 4000 Hz, 36 iiL diameter, 2 in. thick
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Figure E.91 Average and predicted AIL at 4000 Hz, 42 in. diameter, 2 in. thick
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Figure E.92 Average and predicted AIL a t4000 Hz, 4S m. diameter, 2 in. thick
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Figure E.93 Average and predicted AIL at 4000 Hz, 12 in. diameter, I in. thick
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Figure E.94 Average and predicted AIL at 4000 20 in. diameter, I in. thick
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Figure E.95 Average and predicted AIL at 4000 Hz, 28 in. diameter, I in. thick
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Figure E.96 Average and predicted AIL at 4000 Hz, 36 ol diameter, I in. thick
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Figure E.97 Average and predicted AIL at 4000 Hz, 42 in. diameter, I in. thick
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Figure E.98 Average and predicted AIL at 4000 Hz, 48 in. diameter, 1 in. thick
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Figure E.99 Average and predicted AIL at 8000 Hz, 12 in. diameter, 2 in. thick
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Figure E.IOO Average and predicted AIL at 8000 Hz, 20 m. diameter, 2 in. thick
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Figure E.lOl Average and predicted AEL at 8000 Hz, 28 in. diameter, 2 in. thick
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Figure E.102 Average and predicted AIL at 8000 36 in. diameter, 2 in. thick
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Figure E.103 Average and predicted AIL at 8000 Hz, 42 in. diameter, 2 in. thick
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Figure E.I04 Average and predicted AIL at 8000 Hz, 48 in. diameter, 2  in. thick
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Figure E.105 Average and predicted AIL at 8000 Hz, 12 in. diameter, I in. thick
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Figure E.I06 Average and predicted AIL at 8000 Hz, 20 in. diameter, I in. thick
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Figure E.I07 Average and predicted AIL at 8000 Hz, 28 in. diameter, I in. thick
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Figure E.I08 Average and predicted AIL at 8000 Hz, 36 in. diameter, I in. thick
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Figure E.109 Average and predicted AIL at 8000 Hz, 42 in. diameter, I in. thick
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Figure E.110 Average and predicted AIL at 8000 Hz, 48 m. diameter, I in. thick
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APPENDIX F
COMPUTER PROGRAM 
This program was written m QuickBASIC version 4 and runs on a IBM-compatible 
PC, contains algorithm to compute insertion loss and regenerated sound power levels at 
the 1/3 octave frequency bands and at the octave frequency bands. It was used on this 
thesis to calculate the measured insertion loss and dynamic insertion loss of fiberglass 
lined circular ducts. It required a modification to work with airfiow rates from 0 through 
6000 fpm in 1000-fpm increments.
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ZCLS: COLOR 14, 1: CLS
DIM F(24), LSBGC24, 7), LS(24, 7), LBG{24, 7), L2(24, 7),
L3(24, 7), L4{24, 7), IL(24, 7)
DIM L33C24, 7), L30{8, 7), LS0(8, 7), L40{8, 7), IL0{8, 7), 
LPR(24), LWR(24), LPBG(24, 7)
DIM LP2(24, 7), LP3(24, 7), LWBG{24, 7), LW2(24, 7), LW3{24, 7), 
MS(7), V(7), LW30{8, 7)
DIM LWBG0(8, 7), LW20(8, 7), AS(7), LC2C24, 7), LC33(24, 7), 
LCBG(24, 7), LW333(24, 7), T(24)
DIM LW3330(8, 7), BG(24), LWBGL{24, 7), P(6), R(6)
F I D  = 5 0 :  F ( 2 )  = 63:  F(3)  = 8 0 :  F (4 )  = 100: F ( 5 )  = 125: F(6) = 
160
F(7) = 2 00 :  F ( 8 )  = 250:  F(9) = 3 15 :  F(10)  = 4 0 0 :  F{11)  = 500: 
F(12)  = 630
F(13) = 80 0 :  F (14 )  = 1000:  F (15)  =  1250: F (16)  = 1600:  F(17)  = 
2000
F(18) = 2 5 0 0 :  F(19)  = 3150:  F (20 )  = 4000:  F (21)  = 5000: F(22)  = 
6300
F(23) = 8 00 0 :  F(24)  = 10000
DIM A ( 5 0 ) , B ( 5 0 ) ,  C ( 5 0 ) ,  D {2 0 0 ) ,  E ( 5 0 ) ,  G ( 5 0 ) ,  NNEWS(14)
PROGRAM : SILTEST8.BAS
This program extracts important data from the ***.TXT file 
and copies it into a new file with a name that incorporates 
the silencer name,flow direction, speaker distance and flow 
velocity.
FOR : Dr. DOUGLAS D. REYNOLDS
AUTHOR : ECALYAN PATTISAM 
DATE : 4/1/96
MODIFIED BY : LUIS VILLEGAS 
DATE : 12/18/98
TO WORK WITH 14 FILES FOR TESTING SPIRAL DOAL-WALL 
CIRCULAR LINED DUCTS
CLS
BEEP 
INPUT "
CLS
905 INPUT " 
IF FLOWS <> 
PRINT " 
BEEP 
GOTO 905 
END IF 
CLS
' INPUT " 
NOME = 14 
INPUT "
CLS
INPUT "
ENTER THE NAME OF THE SILENCER"; SILS
ENTER THE FLOW DIRECTION [F or R] FLOWS 
"F” AND FLOWS <> "R" THEN
* * FLOW DIRECTION IS EITHER F OR R * *"
ENTER THE NUMBER OF FILES";
ENTER THE MANUFACTURER OF THE SILENCER"; MAKERS 
ENTER THE STARTING FILE NUMBER"; ntm
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CLS
DISS = "5"
CLS
PRINT "........ processing..... please wait............. "
' PRINT "INPOT FILE —— -- — ODTPDT FILE"
' changing the input and the output file names
IF DISS = "5" THEN DISS = "05"
FOR I = 1 TO NOMF 
num2 = num + (I - 1) 
numlS = LTRIMS (STRS (num2) )
IF num2 < 10 THEN
FILES = "C:\MD\LDIS\000" + numlS + ".TXT"
ELSE
IF num2 < 100 THEN
FILES = "C:\MD\LOIS\00" + numlS + ".TXT"
ELSE
FILES = "C:\MD\LOIS\0" + numlS + ".TXT"
END IF 
END IF
ELSE
END IF
1 THEN
NEWS = "C:\MD\LUIS\" + SILS + FLOWS + "AMB.TXT"
1 = 2 THEN
NEWS = "C:\MD\LUIS\" + SILS + DISS + FLOWS + "00.TXT
1 = 3 THEN
NEWS = "C:\MD\LUIS\" + SILS + DISS + FLOWS + "05.TXT
1 = 4 THEN
NEWS = "C:\MD\LOIS\" + SILS + FLOWS + "05.TXT"
1 = 5 THEN
NEWS = "C:\MD\LUIS\" + SILS + FLOWS + "10.TXT"
1 = 6 THEN
NEWS = "C:\MD\LUIS\" + SILS + DISS + FLOWS + "10.TXT'
1 = 7 THEN
NEWS = "C:\MD\LUIS\" + SILS + DISS + FLOWS + "15.TXT'
1 = 8 THEN
NEWS = "C:\MD\LUIS\" + SILS + FLOWS + "15.TXT"
1 = 9 THEN
NEWS = "C:\MD\LUIS\" SILS + FLOWS + "20.TXT"
I  = 101 THEN
NEWS = "C:\MD\LUIS\" + SILS + DISS + FLOWS + " 2 0 .TXT'
I  = 11. THEN
NEWS = "C:\MD\LUIS\" + SILS + DISS + FLOWS + " 2 5 .TXT'
I  = 12: THEN
NEWS = "C:\MD\LUIS\" + SILS + FLOWS + "25.TXT"
I  = 13i THEN
NEWS = "C:\MD\LUIS\" + SILS + FLOWS + "30.TXT"
NEWS = "C:\MD\LUIS\" SILS + DISS + FLOWS + "30.TXT'
OPEN FILES FOR INPOT AS #1 
OPEN NEWS FOR OUTPUT AS #2
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' Transfer of data from. ***.txt file to New file
FOR X = 1 TO 12
INPUT #1, D(X)
NEXT X
FOR J = 1 TO 24
INPUT #1, A(J), B(J), C(J), E(J), G(J)
WRITE #2, B(J)
NEXT J
• PRINT files, "  >", NEW?
NNEW?(I) = NEW?
CLOSE #1 
CLOSE 12 
NEXT I
' CREATION OF CONTROL FILE
' INPUT " ENTER THE CONTROL FILE NAME : ", CON? 
CON? = SIL? + FLOW?
OPEN "C:\MD\LUIS\CONTROL\" + CON? FOR OUTPUT AS #1 
IF FLOW? = "F" THEN 
PRINT #1, SIL?
PRINT #1, "FORWARD"
PRINT #1, "0"
PRINT II, "MTFAMB,MT05FQ0,"; LTRIM?(NNEW?(1)); 
LTRIM?(NNEW?(2))
PRINT II, "1000"
PRINT II, "MTF05,MT05F05,"; LTRIM? (NNEW? (4 )) ; 
LTRIM? (NNEW? (3) )
PRINT II, "2000"
PRINT II, "MTF10,MT05F10,"; LTRIM? (NNEW? (5) ) ; 
LTRIM? (NNEW? (6))
PRINT II, "3000"
PRINT II, "MTF15,MT05F15,"; LTRIM? (NNEW? (8) ), 
LTRIM? (NNEW? (7) )
PRINT II, "4000"
PRINT II, "MTF20,MT05F20,"; LTRIM? (NNEW?(9) ), 
LTRIM? (NNEW? (10) )
PRINT II, "5000"
PRINT II, "MTF25,MT05F25,"; LTRIM? (NNEW?(12) ), 
LTRIM?(NNEW?(11))
PRINT II, "6000"
PRINT II, "MTF30,MT05F30,"; LTRIM? (NNEW? (13) ), 
LTRIMS(NNEW?(14))
END IF
IF FLOWS = "R" THEN 
PRINT #1, SILS 
PRINT II, "REVERSE" 
PRINT II, "0"
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PRINT #1, "MTRAMB,MT05R00,LTRIMS(NNEW$(1)); 
LTRIMS(NNEWS(2))
PRINT #1, "1000"
PRINT #1, "MTR05,MT05R05,"; LTRIMS(NNEWS(4)); 
LTRIMS(NNEWS(3))
PEIINT #1, "2000"
PRINT #1, "MTR10,MT05R10,"; LTRIMS(NNEWS(5)); 
LTRIMS(NNEWS(6))
PRINT #1, "3000"
PRINT #1, "MTRI5,MT05RI5,"; LTRIMS(NNEWS(8)); 
LTRIMS(NNEWS(7))
PRINT #1, "4000"
PRINT #1, "MTR20,MT05R20,"; LTRIMS(NNEWS(9)); 
LTRIMS(NNEWS(10))
PRINT #1, "5000"
PRINT #1, "MTR25,MT05R25,"; LTRIMS(NNEWS(12)); 
LTRIMS(NNEWS(11))
PRINT #1, "6000"
PRINT #1, "MTR30,MT05R30,"; LTRIMS(NNEWS(13)); 
LTRIMS(NNEWS(14))
END IF
CLOSE #1 
REM 
REM 
REM
REM MAIN PROGRAM
REM
REM
I ' INPUT "DO YOU WANT TO USE THE CONTROL FILE (Y/N) ? ", NS
NS = "Y"
IF NS <> "N" AND NS <> "Y" THEN GOTO 1
IF NS = "Y" THEN GOSUB 2 ELSE GOTO 3
FOR J = 1 TO 7
GOSUB 99
GOSUB 6
CLS
PRINT "OUTPUT FOR VELOCITY ", V(J)
GOSUB 9 
NEXT J 
GOTO 10
3 PRINT : INPUT "ENTER DATA FROM A DATA FILE (Y/N) ? ", NS
IF NS <> "N" AND NS <> "Y" THEN GOTO 3
IF NS = "Y" THEN GOSUB 4 ELSE GOTO 7
J = 0
II J = J + 1
IF NS = "Y" THEN GOSUB 5 ELSE GOTO 7
GOSUB 6 
GOSUB 9
PRINT : INPUT "DO YOU WANT TO CONTINUE (Y/N) ? ", N$
IF NS = "N" THEN GOTO 10
GOTO 11
7 PRINT : INPUT "ENTER DATA BY HAND (Y/N) ? ", N$: CLS
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IF NS <> "N" AND NS <> "Y" THEN GOTO 7 
J = 1 
12 J = J + 1
IF NS = "Y" THEN GOSUB 7
GOSUB 6 
GOSUB 9
INPUT "DO YOU WANT TO CONTINUE (Y/N) ? ", NS 
IF NS = "N" THEN GOTO 10 
GOTO 12 
10 END
6 EtEM CALCULATIONS 
REM
REM 1/3 OCTAVE BAND INSERTION-LOSS
17 FOR I = 1 TO 24
LC2(I, J) = L2(I, J)
LC33(I, J) = L33(I, J)
LCBGd, J) = LBGd, J)
NEXT I
18 FOR I = 1 TO 24
IF LSBGd, J) - LCBGd, J) < 2 THEN LS(I, J) = LSBG(I, J) - 7:
GOTO 110
IF LSBGd, J) - LCBGd, J) >= 10 THEN LS(I, J) = LSBGd, J) :
GOTO 110
LSd, J) = 10 * LOG(10 '' (LSBGd, J) / 10) - 10 " (LCBGd, J)
/ 10)) / LOG(10)
110 NEXT I
FOR I = 1 TO 24
IF V(J) = 0  THEN L3(I, J) = 0: GOTO 120
IF LC2(I, J) - LCBGd, J) < 2 THEN L3 (I, J) = LC2(I, J) - 7r
GOTO 120
IF LC2 (I, J) - LCBGd, J) >= 10 THEN L3(I, J) = LC2(I, J) :
GOTO 120
L3(I, J) = 10 * LOG(10 (LC2(I, J) / 10) - 10 (LCBGd, J) /
10)) / LOG(10)
120 NEXT I
FOR I = 1 TO 24
IF LC33(I, J) - LC2(I, J) < 2 THEN L4(I, J) = LC33(I, J) - 7:
GOTO 121
L4(I, J) = 10 * LOG(10 " (LC33(I, J) / 10) - 10 " (LC2(I, J) / 
10) ) / LOG(10)
121 IL(I, J) = LSd, J) - L4(I, J)
NEXT I
REM OCTAVE BAND INSERTION-LOSS 
N = 1
FOR I = 1 TO 8
IF V(J) = 0 THEN L30(I, J) = 0: GOTO 181
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L30CI, J) = 10 * LOG(10 " (L3(N, J) / 10) + 10 " (L3(N + 1, J) /
10) + 10 (L3(N + 2, J) / 10) ) / LOG(10)
181 LSO(I, J) = 10 * LOG(10 " (LS(N, J) / 10) + 10 (LS(N + 1, J) /
10) + 10 (LS(N + 2, J) / 10) ) / LOG(10)
L40(I, J) = 10 * LOG(10 " (L4(N, J) / 10) -t- 10 (L4 (N + 1, J) /
10) + 10 •' (L4(N + 2, J) / 10) ) / LOG(10)
ILOd, J) = LSOd, J) - L40(I, J)
N = N + 3 
NEXT I
REM 1/3 OCTAVE BAND REGENERATED NOISE (COMPARISON METHOD)
LPR(l) = 60.8: LPR(2) = 62.4: LPR(3) = 60.2: LPR(4) = 64.1: LPR(5) 
= 65.3
LPR(6) = 67.5: LPR(7) = 68: LPR(8) = 68: LPR(9) = 68.7: LPR(IO) =
69.6
LPRdl) = 68.9: LPR(12) = 69.4: LPR(13) = 69.9: LPR(14) = 70.7: 
LPR(15) = 71.6
LPR(16) = 71.3: LPR(17) = 70.2: LPR(18) = 67.2: LPR(19) = 65.3: 
LPR(20) = 63.1
LPR(21) = 61.2: LPR(22) = 58.3: LPR(23) = 53.7: LPR(24) = 47.3
LWR(l) = 72.2: LWR(2) = 68.8: LWR(3) = 68.9: LWR(4) = 69.5: LWR(5) 
= 70.5
LWR(6) = 71.1: LWR(7) = 71.8: LWR(8) = 71.7: LWR(9) = 71.1:
LWR(IO) = 71.7
LWR(ll) = 71.2: LWR(12) = 71.9: LWR(13) = 72: LWR(14) = 73.4: 
LWR(15) = 73.9
LWR(16) = 72.8: LWR(17) = 71.3: LWR(18) = 71.8: LWR(19) = 70.9: 
LWR(20) = 70
LWR(21) = 68.3: LWR(22) = 67.8: LWR(23) = 66.8: LWR(24) = 65.8
FOR I = 1 TO 24
IF V(J) = 0 THEN GOTO 116
DL = 10 * LOGd + (127.50685# / F(I) ) 1.88) / LOG(10)
IF L2d, J) - LCBGd, J) < 2 THEN LCBGd, J) = LCBGd, J) - 7 
LPBGd, J) = LCBGd, J) + DL 
LP2(I, J) = L2(I, J) + DL
LP3(I, J) = L3(I, J) + DL
LWBGd, J) = LPBGd, J) + (LWRd) - LPR(I) )
LW2(I, J) = LP2(I, J) + (LWR(I) - LPR(I))
LW3(I, J) = LP3(I, J) + (LWR(I) - LPR(I))
116 NEXT I
REM OCTAVE BAND REGENERATED NOISE (COMPARISON METHOD)
N = 1
FOR I = 1 TO 8
IF V(J) = 0  THEN GOTO 117
LW30(I, J) = 10 * LOG(10 (LW3(N, J) / 10) + 10 (LW3(N + 1,
J) / 10) + 10 (LW3(N + 2, J) / 10)) / LOG(IO)
LW20(I, J) = 10 * LOG(10 (LW2(N, J) / 10) + 10 (LW2(N + 1,
J) / 10) + 10 (LW2(N + 2, J) / 10)) / LOG(10)
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LWBGOd, J) = 10 * LOG(10 " (LWBG(N, J) / 10) + 10 " (LWBG(N +
1, J) / 10) + 10 " (LWBG(N + 2, J) / 10)) / LOG(10)
N = N + 3 
117 NEXT I
RETURN
30 REM >CONTINUE (Y/N) SUBROUTINE<
PRINT : INPUT "CONTINUE (Y/N) ", Y$
IF YS = "N" OR Y$ = "Y" THEN GOTO 40 
GOTO 30 
40 RETURN
REM
REM LOAD SAVED DATA 
REM
4 PRINT : INPUT "SILENCER MODEL # = ", MS 
PRINT : INPUT "AIR-FLOW DIRECTION = ", AS 
RETURN
5 REM >DATA FILE LOAD SUBROUTINE<
CLS : PRINT J
PRINT : INPUT "FLOW VELOCITY (FPM) = ", V(J)
CLS : PEIINT : PRINT "ENTER THE DATA FILE NAMES ONLY"
PRINT : INPUT "ENTER Lp(BACKGROUND) DATA FILE NAME = ", LBS 
PRINT : INPUT "ENTER Lp(BACKGROUND + SOURCE) DATA FILE NAME = ",
LBSS
PRINT : INPUT "ENTER Lp(W SILENCER, W FLOW, W/0 NOISE) DATA FILE 
NAME = ", LSFS
PRINT : INPUT "ENTER Lp(W SILENCER, W FLOW, W NOISE) DATA FILE 
NAME = ", LSFNS
LBS = "C:\MD\LUIS\" + LBS + ".TXT"
OPEN LBS FOR INPUT AS #2
FOR I = 1 TO 24: INPUT #2, LBG(I, J): NEXT I 
CLOSE #2
LBSS = "C:\MD\LDIS\" + LBSS + ".TXT"
OPEN LBSS FOR INPUT AS #2 
FOR I = 1 TO 24: INPUT #2, LSBGd, J) : NEXT I 
CLOSE #2
LSFS = "C:\MD\LUIS\" + LSFS + ".TXT"
OPEN LSFS FOR INPUT AS #2
FOR I = 1 TO 24: INPUT #2, L2(I, J): NEXT I 
CLOSE #2
LSFNS = "C:\MD\LUIS\" + LSFNS + ".TXT"
OPEN LSFNS FOR INPUT AS #2
FOR I = 1 TO 24: INPUT #2, L33(I, J): NEXT I 
CLOSE #2 
GOSUB 30
IF YS = "N" THEN GOTO 4 
ElETURN
REM
REM SAVE INPUTED DATA 
REM
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60 REM >DATA FILE SAVE SOBRODTINE<
CLS
PRINT : PRINT "ENTER THE DATA FILE NAMES ONLY (8 LETTERS MAX) "
PRINT : INPOT "ENTER Lp (BACKGROUND) DATA FILE NAME = ", LLBS
PRINT : INPOT "ENTER Lp {BACKGROUND + SOURCE) DATA FILE NAME = ",
LLBS$
PRINT : INPUT "ENTER Lp (W SILENCER, W FLOW, W/0 NOISE} DATA FILE 
NAME = ", LLSFS
PRINT : INPUT "ENTER Lp (W SILENCER, W FLOW, W NOISE) DATA FILE 
NAME = ", LLSFNS
LLBS = "C:\SILENCER\DATA\" + LLBS + ".TXT"
OPEN LLBS FOR OUTPUT AS #2
FOR I = 1 TO 24: PRINT #2, LBG(I, J) : NEXT I 
CLOSE #2
LLBSS = "C:\MD\LUIS\" + LLBSS + ".TXT"
OPEN LLBSS FOR OUTPUT AS #2
FOR I = I TO 24: PRINT #2, LSBG(I, J) : NEXT I 
CLOSE #2
LLSFS = "C:\MD\LOIS\" + LLSFS + ".TXT"
OPEN LLSFS FOR OUTPUT AS #2
FOR I = I TO 24: PRINT #2, L2(I, J) : NEXT I
CLOSE #2
LLSFNS = "C:\MD\LOIS\" + LLSFNS + ".TXT"
OPEN LLSFNS FOR OUTPUT AS #2
FOR I = 1 TO 24: PRINT #2, L33(I, J): NEXT I
CLOSE #2
GOSUB 30
IF YS = "N" THEN GOTO 60 
RETURN
2 ' INPUT "CONTROL FILENAME = ", FILES
FILES = "C:\MD\LUIS\CONTROL\" + CONS 
OPEN FILES FOR INPUT AS #1 
INPUT #1, MS
INPUT #1, AS
RETURN
99 INPUT #1, V(J)
INPUT #1, LBSf LBSS, LSFS, LSFNS
LBS = "C:\MD\LUIS\" + LBS + ".TXT"
OPEN LBS FOR INPUT AS #2
FOR I = 1 TO 24: INPUT #2, LBGCI, J) : NEXT I 
CLOSE #2
LBSS = "C:\MD\LUIS\" + LBSS + ".TXT"
OPEN LBSS FOR INPUT AS #2
FOR I = I TO 24: INPUT § 2 ^  LSBG(I, J) : NEXT I
CLOSE #2
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LSFS = LSFS
OPEN LSFS FOR INPOT AS #2
FOR I = I TO 24: INPOT #2, L2(I, J) : NEXT I 
CLOSE #2
LSFNS = LSFNS
OPEN LSFNS FOR INPUT AS #2
FOR I = I TO 24: INPUT #2, L33(I, J) : NEXT I 
CLOSE #2 
MS(J) = MS
AS(J) = AS
RETURN 
9 REM 
REM
REM CORRECTED Lp / IN-LOSS OUTPUT 
REM
22 ' PRINT : INPUT " DO YOU WANT TO SEE INDIVIDUAL ElESULTS ? NS
NS = "N”
IF NS <> "Y" AND NS <> "N" THEN GOTO 22
IF J = 7 THEN GOTO 29 ELSE GOTO 31.2
IF NS = "N" THEN GOTO 31.2
PRINT : INPUT "OUTPUT 1/3 OCTAVE BAND: CORRECTED Lp / IN-LOSS DATA
(Y/N)? ", NS
IF NS <> "Y" AND NS <> "N" THEN GOTO 22
IF NS = "N" THEN GOTO 24
CLS
LPRINT : LPRINT TAB(5); "1/3 OCTAVE BAND: COEtRECTED Lp / IN-LOSS 
DATA (DB) "
LPRINT TAB(5); "DUCT SILENCER MODEL MS(J)
LPRINT TAB(5); "FLOW VELOCITY = V(J); " FPM"
LPRINT TABC5); "AIR-FLOW DIRECTION = AS(J)
LPRINT
LPRINT TAB(5); "F (HZ)", TAB(15); "Lp(SOURCE)", TAB(29);
"Lp(SILENCER) ", TAB(45); "INS-LOSS", TAB(58); "REG. NOISE"
LPRINT TAB(5); "------- ", TAB(15); "--------- ", TAB(29); "-----
-----", TAB(45); "------- ", TAB(58); "--------- "
FOR I = 1 TO 24
OS = " ##### ###.# *##.* ###.#
###.#"
LPRINT USING US; F(I); INT(LS(I, J) * 10) / 10; INT(L4(I, J) * 
10) / 10; INT(IL(I, J) * 10) / 10; INT(L3(I, J) * 10) / 10 
NEXT I
24 PRINT : INPUT "OUTPUT OCTAVE BAND: CORRECTED Lp / IN-LOSS DATA 
(Y/N)? ", NS
IF NS <> "Y" AND NS <> "N" THEN GOTO 24
IF NS = "Y" THEN GOSUB 80
25 PEIINT : INPUT "OUTPUT RAW DATA (Y/N) ? ", NS
IF NS <> "Y" AND NS <> "N" THEN GOTO 25
IF NS = "Y" THEN GOSUB 70
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29 PRINT : ' INPUT "OUTPUT SUMMARY TABLES (Y/N)? ", NS 
NS = "Y"
IF NS <> "Y" AND NS <> "N" THEN GOTO 29 
IF NS = "Y" THEN GOSUB 100
31.2 RETURN
REM----------------------------------------------------------
REM ElAW DATA OUTPUT 
REM
70 REM >EIAW DATA OUTPUT SUBROUTINE<
LPRINT
LPRINT TAB(5); "UNCORRECTED Lp DATA (dB) "
LPRINT TAB(5); "DUCT SILENCER MODEL "; MS(J)
LPRINT TAB(5); "FLOW VELOCITY = V(J) ; " FPM"
LPRINT TAB(5); "AIR-FLOW DIRECTION = "; AS(J)
LPRINT
LPRINT TAB(5); "F (HZ)", TAB(18); "Lp(BG)", TAB(29); "Lp(BG+N)", 
TAB(45); "Lp(S+F)", TAB(58); "Lp(S+F+N)"
LPRINT TAB(5); "------- ", TAB(IB); "----- ", TAB(29); "-------
", TAB(45); "------ ", TAB(58); "-------- "
FOR I = 1 TO 24
US = " I#### ###.# ###.# ###.#
*##.#"
LPRINT USING US; F(I); LBG(I, J); LSBG(I, J) ; L2(I, J);
L33(I, J)
NEXT I 
RETURN
REM
REM OCTAVE BAND OUTPUT 
REM
80 REM >OCTAVE BAND OUTPUT SUBROUTINE<
CLS
LPRINT : LPRINT TAB(5); "OCTAVE BAND: CORRECTED Lp / IN-LOSS DATA
(DB) "
LPRINT TAB(5); "DUCT SILENCER MODEL "; MS (J)
PRINT #10, " FLOW VELOCITY = ", V(J), " FPM"
PRINT #10, " AIR-FLOW DIRECTION = ", AS CJ)
PRINT #10,
PEIINT #10, " F (HZ) Lp (SOURCE) Lp (SILENCER) INS-
LOSS"
PRINT #10, " -------  --------- -----------  -----
N = 2
FOR I = 1 TO 8
US = " ##### ###.# ###.# ###.#"
PRINT #10, F(N), INT(LSO(I, J) * 10) / 10, INT(L40(I, J) * 10) / 10, 
INT(ILO(I, J) * 10) / 10
N = N + 3
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NEXT I 
RETURN
REM----------------------------------------------------------
REM
REM SUMMARY TABLES OUPUT
REM----------------------------------------------------------
100 REM >SUMMARY TABLES SUBROUTINE<
REM
REM *- LIMITED BY AMBIENT LEVELS 
REM ** - LIMITED BY FLOW LEVELS
REM
REM
REM CREATING THE FINAL REPORT
REM
REM
111 CLS : INPUT "ENTER THE OUTPUT FILE NAME ", FILES
OPEN "c:\MD\LUIS\" + MAKERS + "\" + FILES FOR OUTPUT AS #10 
' INPUT "OUTPUT 1/3 OCTAVE BAND INSERTION LOSS SUMMARY TABLE (Y/N) 
? ", NS
NS = "Y"
IF NS <> "Y" AND NS <> "N" THEN GOTO 111
IF NS = "N" THEN GOTO 112
REM
PRINT #10,
PRINT #10, TAB(5);
_____                      It
PRINT #10, TAB(5); " SILENCER MODEL : "; MS
PRINT #10, TAB(5); " TESTED ON : DATES
PRINT #10, TAB (5) ; " PLACE : UNIVERSITY OF NEVADA LAS
VEGAS"
PRINT #10, TAB(5); " VENTILATION & ACOUSTIC
SYSTEMS TECHNOLOGY LAB"
PRINT #10, TAB (5);
 ___      _ i t
PRINT #10,
PRINT #10, TAB (5) ; " THIRD OCTAVE BAND INSERTION-LOSS DATA (dB) "
PRINT #10, TAB (5) ; " DUCT SILENCER MODEL ",* MS
PRINT #10, TAB(5); " AIR-FLOW DIRECTION = "; AS 
PRINT #10,
PRINT #10, TAB(5) ; " FRQ(HZ) 0 FLOW 1000 2000 3000
4000 5000 6000"
PRINT #10, TAB(5); "— -- —    —————— —--  -----
FOR I = 1 TO 24
IF I < 4 THEN X = 3
IF I < 7 AND I > 3 THEN X = 2
IF I > 6 THEN X = 2
XIS = " "
IF L33(I, 1) - L2(I, 1) < X THEN XIS =
X2S = " "
IF L33(I, 2) - L2(I, 1) < X THEN X2S =
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IF L33(I, 
X3S = " "
2) - L2(I, 2) < 2 THEN X2S —
IF L33(I, 3) - L2(I, 1) < X THEN X3S = w* r
IF L33(I, 
X4S = " "
3) - L2(I, 3) < 2 THEN X3S t t i r i r n
IF L33(I, 4) - L2(I, 1) < X THEN X4S = M+m
IF L33(I, 
X5S = " "
4) - L2(I, 4) < 2 THEN X4S
IF L33(I, 5) - L2(I, 1) < X THEN X5S =
IF L33(I, 
X6S = " "
5) - L2(I, 5) < 2 THEN X5S
IF L33(I, 6) - L2(I, 1) < X THEN X6S = fT*ir
IF L33(I, 
X7S = " "
6) - L2(I, 6) < X THEN X6S
IF L33(I, 7) - L2(I, 1) < X THEN X7S =
IF L33(I, 7) - L2(I, 7) < X THEN X7S =
US = " 
###-#\\ ###.#\\
#####
###.#\\"
###.•#\\ ###.#\\ ###
PRINT #10, USING US; F(I); INT(IL(I, 1) * 10) / 10; XIS; 
INTCILd, 2) * 10) / 10; X2S; INT(IL(I, 3) ♦ 10) / 10; X3S; INT(IL(I,
4) * 10) / 10; X4S; INT(IL(I, 5) * 10) / 10; X5S; INT(IL(I, 6) * 10) / 
10; X6S; INT{IL(I, 7) * 10) / 10; X7S
NEXT I
112 CLS : 'INPUT "OUTPUT OCTAVE BAND: INSERTION-LOSS SUMMARY TABLE 
(Y/N)? ", NS 
NS = "Y"
IF NS <> "Y" AND NS <> "N" THEN GOTO 112 
'IF NS = "N" THEN GOTO 113
PRINT #10,
PRINT #10,
PRINT #10, TAB (5) ; " OCTAVE BAND INSERTION-LOSS DATA (dB) "
PRINT #10, TAB(5) ; " DUCT SILENCER MODEL "; MS
PRINT #10, TAB(5) ; " AIR-FLOW DIRECTION = "; AS
PRINT #10,
PRINT #10, TAB (5) ; " FRQ(HZ) 0 FLOW 1000 2000 3000
4000 5000 6000"
PRINT #10, TAB (5) ; "— — ——  — —— — — ———  — — — — ———
N = 2
FOR I = 1 TO 8
IF I < 4 THEN X = 3
IF I < 7 AND I > 3 THEN X = 2
IF I > 6 THEN X = 2
XIS = " "
IF L33(N, 1) - L2{N, 1) < X THEN XIS =
X2S = " "
IF L33(N, 2) - L2(N, 1) < X THEN X2S = "*"
IF L33(N, 2) - L2CN, 2) < 2 THEN X2S = "**"
X3S = " "
IF L33(N, 3) - L2(N, I) < X THEN X3S =
IF L33(N, 3) - L2(N, 3) < 2  THEN X3S = "**"
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X4S =  "  "  
IF L33(N, 4) - L2(N, 1) < X THEN X4S If* IT
IF L33(N, 4 ) - L2(N, 4) < 2 THEN X4S = IT**II
X5S =  "  " 
IF L33(N, 5) - L2(N, 1) < X THEN X5S IT* IT
IF L33(N, 5) - L2(N, 5) < 2 THEN X5S = »**IT
X6S =  "  " 
IF L33(N, 6) - L2(N, 1) < X THEN X6S It* It
IF L33(N, 6) - L2(N, 6) < X THEN X6S = IT** IT
X7S = " " 
IF L33(N, 7) - L2(N, 1) < X THEN X7S _ IT* IT
IF 1.33 (N, 7) - L2(N, 7) < X THEN X7S = IT** IT
US = " ##### ###. #\\ ###.#\\ ###
###.#\\ ###.#\\"
# # # . # \ \
PRINT #10, USING US; F(N); INT(ILO(I, 1) * 10) / 10; XIS;
INTdLOd, 2) * 10) / 10; X2S; INTdLOd, 3) * 10) / 10; X3S;
INTCILOd, 4) * 10) / 10; X4S; INTdLOd, 5) * 10) / 10; X5S;
INTCILOd, 6) * 10) / 10; X6S; INTdLOd, 7) * 10) / 10;
X7S
N = N + 3 
NEXT I
' INPUT FOR PRESSURE DROPS
'N = 1000
'FOR K = 1 TO 6
'CLS : PRINT " ENTER PRESSURE DROP AT", N, "F/MIN"
'INPUT "MEASURED PRESSURE DROP =", P(K)
'INPUT "REGRESSION PRESSURE DROP = ", R(K)
'N = N + 1000: NEXT K 
'PRINT #10,
'PRINT #10, TAB(5);
'PRINT #10, TAB(5); " PRESSURE DROP (IN. W.G.)"
'PRINT #10, TAB(5); " MEASURED "; P(l); "
"; P(2); " "; P(3); " "; P(4)
'PRINT #10, TAB(5); " REGRESSION "; R(l); "
"; R(2); " "; R(3); " "; R(4)
113 CLS : ' INPUT "OUTPUT THIRD OCTAVE BAND: REGEN. SOUND POWER
SUMMARY TABLE COMPARISON METHOD (Y/N)? ", NS 
NS = "Y"
PRINT #10,
PRINT #10,
PRINT #10,
PRINT #10,
PRINT #10,
PRINT #10,
PRINT #10, TAB (5); " THIRD OCTAVE BAND REGENERATED SOUND POWER 
(dB) USING COMPARISON METHOD"
PRINT #10, TAB (5); " DUCT SILENCER MODEL "; MS
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PRINT #10, TAB(5); " AIR-FLOW DIRECTION = AS 
PRINT #10,
PRINT #10, TAB (5) ; " FRQ(HZ) 1000 2000 3000 4000
5000 6000"
PRINT #10, TAB ( 5 ) , " — ———  --- —— --— — -- ——— ——— —
FOR I = 1 TO 24
IF I < 4 THEN X = 3
IF I < 7 AND I > 3 THEN X = 2
IF I > 6 THEN X = 2
X2S = "
IF L2(I, 2) - LBG(I, 1) < X THEN X2S = If* I»
X3S = "
IF L2(I, 3) - LBG(I, 1) < X THEN X3S = It* 1,
X4S = "
IF L2(I, 4) - LBG(I, 1) < X THEN X4S = it*it
X5S = "
IF L2(I, 5) - LBG(I, 1) < X THEN X5S — It* It
X6S = "
IF L2(I, 6) - LBG(I, 1) < X THEN X6S it*it
X7S = "
IF L2(I, 7) - LBGd, 1) < X THEN X7S It* It
OS = " ##### ### #\\ ###.#\\ ###.#\\ ###.#\\
# # # . # \ \  ### . # \ \  # # # . # \ \ "
PRINT #10, USING OS; F(I); INT{LW3(I, 2) * 10) / 10; X2S;
INT(LW3(I, 3) * 10) / 10; X3S; INT(LW3(I, 4) * 10) / 10; X4S;
INT(LW3(I, 5) * 10) / 10; X5S; INT(LW3(I, 6) * 10) / 10; X6S;
INT(LW3(I, 7) * 10) / 10; X7S
NEXT I
114 CLS : ' INPUT "OUTPUT OCTAVE BAND: REGEN. SOUND POWER SUMMARY 
TABLE COMPARISON METHOD (Y/N)? ", NS 
NS = "Y"
PRINT #10,
PRINT #10,
PRINT #10,
PRINT #10, TAB (5) ; " OCTAVE BAND REGENERATED SOUND POWER (dB) 
USING COMPARISON METHOD"
PRINT #10, TAB (5) ; " DUCT SILENCER MODEL "; MS
PRINT #10, TAB(5); " AIR-FLOW DIRECTION = "; AS
PRINT #10,
PRINT #10, TAB(5) ; " FRQ(HZ) 1000 2000 3000 4000
5000 6000"
PRINT #10, TAB(5) ; " — — ——— ——— —— — —  — — — — ———
N = 2
FOR I = 1 TO 8
IF I < 4 THEN X = 3
IF I < 7  AND I > 3 THEN X = 2
IF I > 6 THEN X = 2
X2S = " "
IF L2(N, 2) - LBG(N, 1) < X THEN X2S = 
X3S = " "
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IF L2CN, 3) - LBG(N, 1) < X THEN X3S =
X4S = "
IF L2(N, 4) - LBGCN, 1) < X THEN X4S = fT+ff
X5$ = "
IF L2(N, 5) - LBG(N, 1) < X THEN X5S = ir*fr
X6S = "
IF L2(N, 6) - LBG(N, 1) < X THEN X6S =
X7S = "
IF L2(N, 6) - LBGCN, 1) < X THEN X7S =
OS = " ##### ###.#\\ ###.#\\ ###
###.#\\ ###.#\\"
PRINT #10, USING US; F(N); INT(LW30(I, 2) *
. # \ \  # # # . # \ \
INT(LW30{I, 3) * 10) / 10; X3$; INT(LW30(I, 4) ' 10) / 10; X4$;
INT(LW30(I, 5) * 10) / 10; X5$; INTCLW30(I, 6) * 10) / 10; X6$;
INT(LW30(I, 7) * 10) / 10; X7$
N = N + 3 
NEXT I
CLOSE #10 
115 RETURN
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